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Abstract
Previous studies have examined impulsivity using self-report measures,
physiological measures, and behavioural tasks, primarily in adult
populations. Few past studies have examined adolescents’ impulsivity
across such measures concurrently. Further, past research has rarely
examined the link between impulsivity and emotion regulation across
various measures in a non-clinical sample. This study assessed the
relationship between impulsivity, effortful control and emotion regulation.
One hundred and seventy typically-functioning adolescents had heart rate,
heart rate variability, and alpha EEG power recorded while undertaking two
3-minute resting tasks (eyes open and eyes closed), a visual inhibitory
control task, and a visual selective attention task. Prior to testing, parents
and adolescents completed a questionnaire measuring effortful control, and
parents completed a questionnaire addressing AD/HD symptomology,
including impulsivity. Analyses revealed mixed findings. A lack of emotion
regulation strategies and clarity, and the presence of impulse control
difficulties, were most strongly associated with observer-reported
impulsivity. There were no significant relationships between emotion
dysregulation and psychophysiological measures, or behavioural measures
of impulse control. Relationships between subsets of emotion dysregulation
and behavioural measures of selective attention were varied. Overall, some
support for a relationship between emotion dysregulation and impulsivity in
adolescents was found, but it was concluded that this relationship may be
exclusive to certain aspects of each construct. Finally, while effortful
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control correlated inversely with impulsivity, there were few significant
correlations amongst different measures of impulsivity, suggesting this
construct may indeed be multi-dimensional, with different measures tapping
into different types or subsets of impulsivity.

1
Introduction

1.1 Research Question
Impulsivity is a seemingly multifaceted concept that may be described as an
inability to handle or inhibit ineffective responses (Friedman & Miyake, 2004).
Emotion regulation can be defined as the manner in which an individual handles the
emotions they are experiencing, including the time at which they experience them,
how they express them, and the intensity to which they are endured (Gross, 1998).
Although these constructs may seem similar, they have rarely been studied in
combination using non-clinical samples, or across multiple measures.
Adolescence, in particular, can be marked by a propensity towards impulsive and
risk-taking behaviour (Romer, 2010). Similarly, adolescents may be less equipped to
deal with strong emotions, relative to adults (Casey, Jones & Hare, 2008). Thus, it is
of particular interest not only to explore the construct of impulsivity within this phase
of development, but also to determine whether a relationship between emotion
dysregulation and impulsivity exists in the adolescent years. Thus, the present review
will involve an in-depth exploration of the impulsivity literature, including an
appraisal of self- and observer- report, behavioural and physiological measures, and
an examination of the correspondence between impulsivity and the construct of
effortful control. The review will then examine the emotion regulation literature and
link this to the construct of impulsivity.

1.2 Adolescence and Impulsivity
Adolescence can be a turbulent phase of development, marked by variations
across emotional, social and biological domains of functioning (Ciarrochi, Leeson, &
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Heaven, 2009). The length of time between puberty and the legal onset of adulthood
is considered the adolescent period, though there is no fixed point at which this occurs
for any given individual (Costello, Copeland, & Angold, 2011). A major turning
point for an adolescent is adjusting from the primary to high school years, which can
be a challenging transition, and may result in various personality changes.
It is recognised that students in the 9th and 10th grade, in particular, undergo
many significant physical, social, and emotional changes, which can lead to
dissatisfaction and uncertainty for students, their parents, caregivers and teachers
(Patton et al., 1998). Indeed, students commonly experience a rise in independence
from parents, caregivers and teachers and tend to develop stronger relationships with
peers instead (Muuss, 1975). Significantly, this period of development may also entail
a propensity towards impulsivity and risk-taking behaviour (Romer, 2010).
Impulsivity is a personality trait shared not only by those with particular
psychiatric disorders but also the general population to varying degrees (Lansbergen,
Schutter, & Kenemans, 2007). Most individuals have exhibited impulsive
behaviours at some point in their life, for example making an unintended purchase at
the supermarket, rushing into an activity, reaching for another alcoholic beverage, or
lashing out physically or verbally, without consideration for the consequences.
It is important to measure impulsivity accurately and henceforth gain a greater
understanding of it. This is due to evidence that higher levels of impulsivity are
associated with various psychopathological states such as antisocial behaviours (e.g.
Luengo, Carrillo de la Pena, Otero, & Romero, 1994), suicide (Oquendo and Mann,
2000), drug abuse (Allen, Moeller, Rhoades, & Cherek, 1998), risky behaviours (e.g.
Hansen & Breivik, 2001) including sexual risk-taking (e.g. Donohew et al., 2000),
and social rejection (e.g. Cillessen, van Izendoorn, van Lieshout, & Hartup, 1992).
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The capacity to inhibit ineffective responses is one of the most important
functions of executive control (Friedman & Miyake, 2004). Executive control can be
defined as the ability to respond appropriately, in accordance with goals, regulations,
or intentions, regardless of whether the response goes against competing or reflexive
responses (Royall et al., 2002). Inhibition is an essential component of controlling our
behaviour (Barkley, 1997). Indeed, it is argued that executive control function is
imperative to human autonomy and is a key determinant of certain maladaptive
behaviours associated with a number of neuropsychiatric disorders (Royall et al.,
2002), for example personality disorders (Coolidge, Thede, & Jang, 2004).
However, what constitutes an impulsive behaviour may differ from person to
person based on cultural or age differences (Evenden, 1999). Further, a single
definition of impulsivity and its core dimensions has been debated (d’Acremont &
Van der Linden, 2005, Fink & McCown, 1993), with some arguing it is a
multidimensional trait (Evenden, 1999). Evenden (1999) has proposed that a single
measure of impulsivity will only capture one aspect of the construct, as it covers such
an expansive variety of actions. For example, behavioural tasks may tap into motor
impulsivity exclusively, while questionnaires may measure cognitive impulsivity
alone. Evenden (1999) devised this argument on the basis of his own research looking
at the effects of a series of psychoactive drugs on varieties of impulsivity in rats.
While his findings were complex, they supported the notion that impulsivity is
multifactorial, with each factor sharing a different biological basis.
In accordance with this, Cyders and Coskunpinar (2011) compiled a metaanalysis of 27 peer-reviewed journal articles, looking at relationships between selfreport and behavioural measures of impulsivity. The correlation between the two was
minimal and there was little overlap between studies. Only certain aspects of
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impulsivity were significantly correlated, such as lack of perseverance and pre-potent
response inhibition, and sensation seeking and delayed response. This provided
support for the notion that impulsivity is multidimensional, with different measures
tapping into different aspects of the construct. However, further research is required
with human participants.
Thus, it is important to explore the concept of impulsivity further, especially
as there is minimal agreement about the definition of this term in relation to child and
adolescent impulsivity (Fink & McCown, 1993). Various theorists have speculated as
to the core features and functions of impulsivity. This review will focus on the most
widely recognised theories.

1.3 Theories of Impulsivity
1.3.1 Eysenck and Eysenck’s Dimensions of Personality
Eysenck and Eysenck (1985) identified three dimensions of personality –
Extraversion, Neuroticism and Psychoticism – inferred from self-report
questionnaires. They found that questionnaire items that reflect impulsive behaviours
are often associated with Extraversion and Psychoticism. More recently, the I5
questionnaire (Eysenck, 1993) was developed in accordance with the notion that
impulsivity is comprised of two factors: impulsiveness and venturesomeness. While
impulsiveness is defined as “unconscious risk taking,” venturesomeness involves
“conscious sensation seeking.” Significantly and controversially, Eysenck argued that
extraversion, and thus impulsivity as a facet of this, occurs due to low cortical arousal
(Eysenck, 1967), which was a central explanatory construct of their theory.
In support of Eysenck and Eysenck’s (1985) theory of impulsivity, Eysenck
and McGurk (1980) examined a sample of 614 participants detained in a detention
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centre. Noting that impulsiveness is often a key feature among criminals, they used a
63-item questionnaire measuring impulsiveness, venturesomeness and empathy – in
accordance with their model of impulsivity. They compared results to a previous
examination of “normal” participants, with no known psychopathologies, and found
that the questionnaire was able to differentiate between impulsiveness in offenders
and normal participants. There was no difference across venturesomeness and
empathy.
Similarly, Kennedy and Grubin (1990) utilised the I5 questionnaire to examine
a sample of male prisoners detained in a special protection wing. Participants were
also interviewed about impulsive behaviours, including substance abuse and
dependence, pathological gambling, and recurrent aggressive and self-harming
behaviour. Even once corrected for age, their scores on the Impulsiveness scale
correlated significantly with the number of impulsive behaviours present.
Support for this theory has also been found amongst typically functioning
populations, notably in a study by Eysenck and Allsopp (1986) which examined
personality differences among university students and craftsmen using the I5
questionnaire. The questionnaire successfully identified significant differences
between the populations, in line with Eysenck and Eysenck’s (1985) theorising, with
students scoring lower on the Impulsiveness scale of the questionnaire, compared to
craftsmen.
While there is evidently some support for Eysenck and Eysenck’s (1985)
theoretical definition of impulsivity, principally with the use of the I5 questionnaire,
other studies challenge Eysenk’s notion that impulsivity occurs due to low cortical
arousal. Research has found that the relationship between impulsivity and arousal is
interceded by phase differences in diurnal arousal rhythms – that is, different levels of
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arousal based on time of day (e.g. Anderson & Revelle, 1994; Revelle, Humphreys,
Simon & Gilliland, 1980). In particular, data suggests that individuals who are highly
impulsive are less aroused than less impulsive individuals during the morning, while
the opposite occurs in the evening (Anderson & Revelle, 1994), suggesting the
relationship between impulsivity and arousal is much more complex than originally
hypothesised by Eysenck and Eysenck (1985).
1.3.2 Gray’s BIS/BAS Theory
Gray (1987) altered Eysenck and Eysenck’s (1985) theory, making
impulsivity the primary personality dimension. He argued there are three emotional
systems – the Behavioural Inhibition System (BIS), the Behavioural Activation
System (BAS), and a fight-flight system. While the BIS was responsible for
mediating an individual’s reactions to punishment signals that have been conditioned
over time, the BAS mediated reactions to reward signals of the same nature. The
fight-flight system mediated reactions to unconditioned punishment signals. Gray
(1987) suggested that the BAS was responsible for individual differences in
impulsivity, arguing that the construct related to Eysenck and Eysenck’s (1985) three
dimensions of personality, with the BAS encompassing a combination of high
Psychoticism, Extraversion and Neuroticism.
Studies examining the electroencephalogram (EEG) have found support for
Gray’s (1987) notion that impulsivity is more predictive of personality than
extraversion and sociability. Stenberg (1992) manipulated imagery designed to evoke
positive and negative emotions, to compare differences between the extraversion and
neuroticism dimensions of Eysenck and Eysenck (1985) with Gray’s (1987)
impulsivity and anxiety dimensions. Factor analysis showed that two factors were
associated with arousal, while three were associated with emotional reactivity.
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Eysenck and Eysenck’s (1985) dimensions showed no significant relationship to the
EEG factors, yet Gray’s (1987) dimensions were significantly related, with highly
impulsive participants demonstrating lower EEG arousal, including higher alpha and
beta amplitudes, compared to low impulsive participants.
However in Stenberg’s (1992) findings it was not clear the degree to which the
dimensions represented Gray’s axes and the sample size of 40 participants was
relatively small for factor analysis. Further, such results have failed to generalise to
brainstem event potentials (Swickert, 1996) as would be expected given the
significant EEG findings. Thus, while some evidence supports Gray’s (1987) notion
that impulsivity may be the primary personality dimension, findings are unclear and
there is greater general psychometric evidence to support Eysenck and Eysenck’s
(1985) model of impulsivity in comparison (Matthews & Gilliland, 1999), as per the
aforementioned studies utilising the I5 questionnaire, which was able to distinguish
between impulsive and non-impulsive groups.

1.4 Impulsivity and Effortful Control
Self-regulation abilities have been a central component of many studies of
psychopathology (Rothbart & Rueda, 2005). Rothbart and Bates (1998) defined selfregulation abilities as effortful control, or the capacity to “inhibit a dominant response
to perform a subdominant response” (p. 137), otherwise defined as the effectiveness
of attention, including the ability to plan and distinguish errors.
Eisenberg et al. (2004) noted that the construct of effortful control
encompasses attentional control, activation control, and inhibitory control. While
attentional control is the capacity to concentrate or alter attention, activation and
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inhibitory control involve activating or inhibiting behaviour in a way that is adaptive
to the situation at hand, even when this is not the desired response. Rothbart and Bates
(1998) have argued that effortful control is employed in the modulation of
temperament, and perhaps cognitions and behaviours also.
Further, Eisenberg et al. (2004) have argued that, in contrast to individuals
who can employ effortful control in their behaviours, reactive under-control involves
impulsive approach behaviour that appears involuntary. Although there is agreement
that effortful control and impulsivity are related yet distinct facets of functioning,
their neurological bases are still debated. Some argue that approach and avoidance
motivational systems pertinent to impulsive behaviours are controlled in subcortical
systems (e.g. Cacioppo, Gardener, & Berntson, 1999; Derryberry & Reed, 1994;
Pickering & Gray, 1999).
In their longitudinal examination of effortful control and impulsivity in a
sample of children aged 4.5 to 8 years, Eisenberg et al. (2004) found that children
with internalising problems were less impulsive and exhibited less effortful control
(attentional component) compared to non-disordered children. They suggested that
children who are less impulsive might have difficulty dealing with stressful situations
due to inhibitions about testing new methods of coping, while low effortful control
might lead to difficulties coping with different emotional states and a consequent lack
of resilience in the face of negative events.

1.5 Emotion Regulation
As outlined in section 1.1, emotion regulation refers to the manner in which an
individual handles the emotions they are experiencing (Gross, 1998). The process of
emotion regulation can be conscious, unconscious, automatic or premeditated, and
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can occur across behavioural or physiological realms (Thompson, 1990). For instance,
emotion regulation can modulate the occurrence of sharp increases in physiological
responding, such as heart rate, when no explicit behaviour has occurred (Gross,
1998). Conversely, emotion dysregulation refers to poorly controlled emotional
responses, otherwise known as labile mood – that is, sharp mood fluctuations
(Beauchaine, Gatzke-Kopp, & Mead, 2007). Increasingly, emotion dysregulation has
been studied in an attempt to explain complex psychopathologies (Weinberg &
Klonsky, 2009).

1.6 Emotion Regulation and Impulsivity
Eisenberg et al. (1998) proposed that emotion regulation does not emerge
without first developing effortful, executive inhibitory processes. Specifically, they
proposed that attentional processes are paramount, without which stimuli of emotional
importance cannot be attended to, making emotion dysregulation responses more
likely. Moderate emotion regulation is said to be ideal, with too little regulation
resulting in impulsive tendencies and too much regulation resulting in excessive
limitation of emotional experiences (Eisenberg, Fabes, & Murphy, 1995). Indeed, it
can be argued that intense emotions may predispose individuals to make poorly
thought out decisions (Cyders & Smith, 2008). However, interpreting existing studies
regarding excessive or limited emotion regulation is problematic as they have utilised
and examined diverse constructs, measurement tools, ethnicities and socioeconomic
groups (Hinshaw, 2006).
Nevertheless, the study of emotion regulation is an important one for the
adolescent years. Though it is widely recognised that adolescents have greater
emotional awareness than children, it is their ability to control emotions that is
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considered ill-developed relative to adults (Casey, Jones & Hare, 2008). The
Difficulties in Emotion Regulation Scale (DERS) was developed to adequately
capture the complexity of emotion regulation, as past measures inconsistently defined
the concept (Gratz & Roemer, 2004). The DERS measures emotional arousal, as well
as awareness, understanding and acceptance of emotions, and is considered the most
all-inclusive measure of the construct to date (Gratz & Roemer, 2004). The measure
has previously been used to examine adolescent populations. Weinberg and Klonsky
(2009) examined over 428 adolescents between the ages of 13 and 17 years. The
DERS was found to significantly and positively correlate with psychopathological
symptoms, including those of depression, anxiety, and alcohol and drug use,
suggesting the measure does have the capacity to predict relationships between
emotion dysregulation and different psychopathological states.
Schreiber, Grant and Odlaug (2012) utilised the DERS in their examination of
impulsivity in 194 young adults, aged between 18 and 29 years, with no recognised
psychopathology. They used self- and observer-reported instruments, as well as
cognitive paradigms, to assess impulsive traits such as risk-taking, motor impulse
control and cognitive reasoning. They divided participants into low, average and high
emotion dysregulation groups based on DERS scores and found that those in the high
group scored significantly higher than those in the low group for self-reported
measures of impulsivity. This finding provides support for the potential relevance of
emotion dysregulation in regards to impulsive behaviours. However, for the cognitive
paradigms, there were no significant differences in performance between the groups.
Schreiber, Grant and Odlaugh (2012) suggested that emotion dysregulation may not
be related to motor inhibitory control. They also acknowledged that their sample was
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predominately male. Further research is required to validate the link between emotion
regulation and impulsivity and to determine whether it exists among adolescents.
In a clinical study, Melnick and Hinshaw (2000) examined emotion regulation
in a younger sample – boys with and without AD/HD, aged between 6 and 12 years by administering a task that provoked frustration. Emotion dysregulation, based on
observer ratings, was only evident in a sub-sample of the boys with AD/HD who also
had aggressive tendencies, suggesting impulsivity or inattentiveness alone may not
account for difficulties with emotion regulation. The authors postulated that the boys
with AD/HD and no excessive aggression were less attentive and therefore less
emotionally engaged with the frustrating task. While this study speaks to the
relationship between clinical levels of impulsivity and emotion regulation, further
research is required to determine whether emotion dysregulation is common among
impulsive and inattentive individuals across non-clinical samples. Given the often
tumultuous emotional landscape of adolescence, and the aforementioned notion that
adolescents are less equipped to deal with strong emotions, relative to adults, it is of
particular interest to see whether this relationship persists into the teenage years.

1.6.1 Emotion Regulation and Physiological Markers of Impulsivity
Past research has explored the link between emotion regulation and
physiological measures of impulsivity. There is some evidence that patterns of frontal
EEG activity may be a marker of impulsivity (e.g. Lansbergen et al., 2007), providing
a purely objective measure of the construct, relative to subjective questionnaire
responses. While it is recognised that frontal EEG reflects affective dispositions, with
greater left hemisphere activation associated with approach behaviours, such as anger,
and greater right hemisphere activation associated with avoidance behaviours, such as
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anxiety (e.g. Coan & Allen, 2004), recent research has also supported a relationship
between frontal EEG and emotion regulation. Dennis and Solomon (2010) examined
the EEG of 66 undergraduate students during resting conditions and
fear/sadness/neutral mood induction film clips. Self-reported alterations in negative
mood were gathered, as well as performance on an adapted version of the Attention
Network Test (ANT), combining cued reaction times and a Flanker task with fearful,
sad and neutral faces used as emotional distractors. Participants who showed
increased frontal EEG activity during the mood induction, relative to baseline, also
showed greater emotion regulation post-testing, including less self-reported sadness
and anxiety, and less interference effects during the ANT. Alpha power was elevated
in the right hemisphere across all conditions. However, this study only focused on one
small aspect of emotion regulation. Future research would benefit from a more
encompassing exploration of not just emotional arousal, but also awareness,
understanding and acceptance of emotions.
It would make sense for future research to examine the relationship between
emotion regulation and EEG among typically functioning adolescent populations,
given the emotional difficulties that can be experienced during this stage of
development. Adolescence is marked by ongoing growth of the brain (Giedd, 2008;
Seslowitz & Davies, 2004). Further, the cognitive control system of the adolescent
brain, as mediated by the frontal lobe, is relatively immature during this period of
development, thereby affecting motivation and reward processing (Chambers, Taylor,
& Potenza, 2003). Indeed, it is postulated that adolescents are more susceptible to
addictions associated with impulsivity due to an immaturity of the executive control
system (Anokhin, Golosheykin, Grant, & Heath, 2011).
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Similarly, past research has suggested a link between cardiovascular reactivity
and impulsivity (e.g. Patros and Prentice, 2011), with heart rate (HR) and heart rate
variability (HRV) recently coming to the forefront as objective, physiological
measures of emotion regulation. It is widely recognised that HRV provides insight
into autonomic flexibility and, as an extension of this, may influence the ability to
regulate emotional responses (Appelhans & Luecken, 2006), with research generally
supporting the notion that higher HRV relates to an increased ability to regulate
emotions appropriately (e.g. Fabes & Eisenberg, 1997; Fabes, Eisenberg & Eisenbud,
1993). For instance, O’Connor, Allen and Kaszniak (2002) examined the resting HRV
of recently bereaved adults. Those with greater respiratory sinus arrhythmia, which is
an index of HRV (Berntson, Cacioppo & Quigley, 1997), reported higher use of
emotional coping strategies and enhanced acceptance of their emotions.
Similarly, Fabes and Eisenberg (1997) studied a group of 92 undergraduate
students with no known psychopathologies. Greater resting respiratory sinus
arrhythmia correlated significantly with higher self-reported emotion regulation, in
particular appropriate coping strategies. Yet, such studies have focused on coping
strategies and acceptance, to the exclusion of other emotion regulation approaches
such as control and awareness, and future research would benefit from the use of a
more encompassing self-report instrument such as the DERS. Subsequent studies
should also determine whether a relationship between emotion regulation and
cardiovascular reactivity exists among adolescent populations.

1.7 Behavioural Measures of Impulsivity
Past studies have also looked at behavioural measures of impulsivity, which
allow insight into the objective and motor coordination aspects of the construct. The
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Go/No-Go (GNG) task being is one of the most commonly utilised measures of
impulsivity (Helmers, Young, & Pihl, 1995). This task measures one element of
response inhibition (RI); that is, inhibiting an original pre-potent response to a
stimulus. RI is generally considered to also involve the interrelated processes of
preventing a continuing response, and the self-control of interference (Barkley, 1997).
RI plays an important role in moderating cognitive skills such as attention, motor
control, perception, learning and affect (Clark, 1996).
The GNG task involves two types of stimuli – a frequent Go signal, which
requires an explicit response, and a less frequent NoGo signal, which requires RI
(Johnstone, Pleffer, Barry, Clarke, & Smith, 2005). Response prepotency is achieved
by ensuring the Go signals are more frequent (Johnstone, Barry, & Clarke, 2007) and
RI deficits are measured via examination of performance outcomes such as errors and
reaction time (Schachar & Logan, 1990). Children with AD/HD, which is associated
with high levels of impulsivity, typically demonstrate RI deficits compared to
typically-functioning control children during this task, generally making greater
commission errors (i.e. not withholding a response to Go stimulus) and omission
errors (i.e. not responding to a Go stimulus) (Barkley, 2007; Johnstone & Clarke,
2009; Schachar et al., 2007).
The Eriksen Flanker task (Eriksen & Schultz, 1979) is a visual selective
attention paradigm that assesses an individual’s ability to complete a task in the
presence of distracting stimuli (Ridderinkhof & van der Molen, 1995), assessing
another element of RI, namely the self-control of interference (Barkley, 1997). The
task involves focusing on a central target arrow and making a response whilst
ignoring “flankers”, otherwise known as distractors. Four types of stimuli are used:
target-alone, congruent (where the target and flankers are compatible), incongruent
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(where the target and flankers cause response interference), and neutral (where the
flankers are present but do not cause interference with the target). Accuracy and
reaction times are measured to each stimulus type. Children with AD/HD generally
perform more poorly on selective attention tasks, such as the Flanker task, compared
to typically-functioning peers, with shorter reaction times and more errors (e.g.
Vaidya et al., 2005). However, there is a lack of research that examines behavioural
measures of impulsivity, including RI and selective attention, in adolescent
populations and in samples without any known psychopathology.

1.8 The Present Study: Aims
Previous studies have examined impulsivity using self-report measures,
physiological measures, and behavioural tasks mainly in adult populations. Few past
studies have examined adolescents’ impulsivity across self-report, neurobiological
and behavioural measures concurrently. Further, past research has rarely examined
the link between impulsivity and emotion regulation across various measures in a
non-clinical sample. Though the present study aimed to examine the relationship
between impulsivity and emotion regulation, it also intended to closely examine the
construct of impulsivity and its many facets. As there is little agreement regarding an
operational definition of impulsivity among adolescents, and due to the argument that
impulsivity is multidimensional and a single measure gauges only part of the
construct (Fink & McCown, 1993), the current study utilised a broad range of
impulsivity measures, as follows.
1) Observer- based impulsivity was assessed by the participants’ parent or
caregiver using a self-report measure, the Conners’ Parent Rating ScaleRevised (Conners, 1997), while subjective effortful control was assessed by
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both the participant and their parent or caregiver via relevant subscales of the
parent and adolescent versions of the Early Adolescent Temperament
Questionnaire – Revised (Capaldi & Rothbart, 1992; Ellis & Rothbart, 2001).
2) Behavioural impulsivity – more specifically, inhibitory control and selective
attention – were assessed objectively, using a visual GoNoGo task, where the
participant must suppress the tendency to respond, and a visual Flanker task,
where the participant must attend to a task in the presence of interference. A
hard and easy version of both tasks was implemented, to assess task difficulty
effects.
3) EEG during rest (eyes open and eyes closed), as well as during the
aforementioned behavioural tasks, was measured using a portable EEG device
that measured electrical brain activity at the left and right frontal lobe.
Lowered cortical brain activity during rest has previously been implicated as a
possible biological marker of impulsivity (Lansbergen et al., 2007). The
present study will focus on alpha power, given the documented inverse
relationship between cortical arousal and alpha activity (e.g. Barry, Clarke &
Johnstone, 2011; Compton, Arnstein, Freedman, Dainer-Best & Liss, 2011),
and the theories of both Eysenck (1967) and Gray (1987) regarding the
association between impulsivity and arousal. The present study also focused
on the frontal lobes, as models of brain function in AD/HD – a disorder
associated with high levels of impulsivity – underscore the significance of the
frontal region of the brain in attention deficits (Shaw et al., 2006) and
behavioural disinhibition (Barkley, 1997).
4) HR during rest and during behavioural tasks was measured using three
disposable heart rate electrodes connected to a SimpleScope measurement
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device. HRV was calculated, due to its association with low levels of
impulsivity (Geisler & Kubiak, 2009).
The sample included Year 10 students (15 to 16 year olds) from the Illawarra
region of NSW, and Year 9 and 10 students from Cairns and Innisfail regions of
Queensland (13 to 16 year olds). Overall, the current study aimed to assess whether
significant relationships exist between different measures of impulsivity, including
subjective, behavioural and psychophysiological measures. It also aimed to determine
whether levels of impulsivity and the closely-related construct, effortful control, are
related to emotion dysregulation in adolescents. Effortful control was measured using
the Early Adolescent Temperament Questionnaire – Revised (EATQ-R) (Ellis &
Rothbart, 2001) – parent and adolescent forms. Emotion dysregulation was measured
using self-report questionnaires completed by the students.

1.9 Hypotheses
It is hypothesised that individual levels of impulsivity will not correlate across
subjective, behavioural and psychophysiological measures given that this is a
multidimensional construct. For instance, although the sample in the present study
had no official diagnoses of AD/HD, nor any other recognised psychopathology, it is
predicted that higher levels of impulsivity (observer-rated and psychophysiological),
will correlate with poorer performance on the inhibitory control task (GNG),
including making more commission errors and responding more slowly. This is in line
with past findings, in which children with AD/HD exhibit impaired inhibitory control
task performance (e.g. Johnstone & Clarke, 2009; Schachar et al., 2007). Similarly,
based on past research in children with AD/HD (e.g. Vaidya et al., 2005), Flanker
performance is expected to be worse among adolescents who are more impulsive.
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Further, performance is expected to worsen for hard versions of the GNG and Flanker
tasks, relative to easy versions, due to task difficulty effects.
As effortful control involves the capacity to pay attention and inhibit
inappropriate responses, it is expected that higher effortful control will relate to lower
levels of impulsivity. As to the relationship between EEG alpha power and
impulsivity, it is predicted that there will be an inverse relationship between the two,
based on the theories of Eysenck (1967) and Gray (1987), who proposed that
impulsivity was caused by low cortical arousal, plus research supporting this (e.g.
Barry et al., 2011; Compton et al., 2011). Given the suspected inverse relationship
between impulsivity and effortful control, EEG alpha power and effortful control
should be positively correlated.
It is predicted that higher levels of impulsivity will correlate with greater
emotion dysregulation, as per past research with young adults (e.g. Schreiber et al.,
2012). In particular, it may be expected that measures of attention, including the
selective attention (Flanker) task, will correlate particularly highly with impulsivity,
in accordance with Eisenberg et al.’s (1998) proposal that attentional processes are
paramount to the emergence of emotion regulation. In relation to EEG, a positive
relationship is expected between alpha power and emotion dysregulation, as per past
research (e.g. Dennis & Solomon, 2010). For HRV, past research suggests higher
HRV will relate to less emotion dysregulation (e.g. Fabes and Eisenberg, 1997).
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Method

2.1 Participants
One hundred and seventy adolescents (83 male, 87 female) aged between 13
and 16 (M = 14.84, SD = 0.84) were included in the study. Sixty eight participants
were from Catholic high schools in the Illawarra region of New South Wales, while
the remaining participants were from Catholic high schools in Cairns, Queensland.
These regions were selected to ensure participants were from diverse socio-economic
and cultural backgrounds. The Australian Bureau of Statistics (2004) reports that 33%
of Australian students attend non-government schools, inclusive of Catholic schools,
and this number is increasing. Participants reported no clinically significant
psychological disorders or learning disabilities.

2.2 Recruitment
Researchers from the University of Wollongong visited Catholic private
schools in the Illawarra and Cairns. All students in their 9th or 10th grade of schooling
at each school were gathered together in a single room and asked to complete a series
of questionnaires (which included the DERS). Participants were informed that
additional information (Appendix A) relating to another component of the research,
involving computerised tasks and the measurement of physiological responses, was to
be passed around by one of the researchers. The forms included information about the
present study, including consent processes, and the process for requesting further
information. Students who had been examined the previous year (n = 128) were recontacted by phone or email, and 145 new expressions of interest were received,
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including 65 from NSW and 80 from QLD. Of the previous years’ sample, 58% of
participants agreed to participate again. The remaining were new participants.
Parent(s) or caregiver(s), and their child, provided written informed consent
(Appendix B) during testing sessions after the procedure was outlined in detail. The
research protocol was approved by the University of Wollongong Human Research
Ethics Committee.

2.3 Overview of Measures
The three constructs measured in the present study were impulsivity, effortful
control, and emotion dysregulation. The aim was to assess whether levels of
impulsivity and effortful control were related to emotion dysregulation in adolescents.
Impulsivity was measured using observer ratings of impulse control and attention
(Conners’ Parent Rating Scale-Revised Short Form), behavioural task performance
(GoNoGo and Flanker tasks), and physiological data (heart rate/heart rate variability
and electroencephalography). Effortful control was measured using subjective and
observer ratings (Early Adolescent Temperament Questionnaire-Revised parent and
adolescent forms). Emotion dysregulation was measured using subjective ratings
(Difficulties in Emotion Regulation Scale).

2.4 Instruments
2.4.1 Impulsivity and Effortful Control Questionnaires
2.4.1.1 Conners’ Parent Rating Scale – Revised
The 48-item short form of the Conners’ Parent Rating Scale-Revised (CPRSR) (Conners, 1997) was utilised to determine participants’ characteristic behaviours
pertinent to impulse control and attention. The CPRS-R is a widely used scale,
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providing parental reports of problem behaviours for children between the ages of 3
and 17 years (Collett, Ohan, & Myers, 2003). Studies have demonstrated that the
CPRS-R has highly moderate test-retest reliability, and moderate to excellent internal
consistency, as well as good discriminant, factorial, divergent, convergent and
criterion validity (Conners, Sitarenios, Parker, & Epstein, 1998a,b). Symptoms were
detailed across four sub-scales on a 4-point scale, ranging from 0 to 3, which
examined oppositional behaviours, cognitive/inattentive problems,
hyperactivity/impulsivity and an AD/HD index, which was a culmination of other
subscales, highlighting behaviours most highly associated with an AD/HD diagnosis.
Raw scores for each factor were converted to T-scores. Higher scores for each
subscale of the CPRS-R reflect a greater number of problem behaviours.

2.4.1.2 The Early Adolescent Temperament Questionnaire – Revised
The Early Adolescent Temperament Questionnaire (EATQ) (Capaldi &
Rothbart, 1992) is a self-report measure aimed at measuring typical adolescent
experiences. Revisions of the measure (EATQ-revised (EATQ-R)) (Ellis & Rothbart,
2001) have ensured it is better able to assess self-regulatory aspects of temperament in
adolescents by including questions that tap into the relationships between adolescent
temperament and traits in a social context, and conducting thorough analyses of scale
reliability, dimensionality and discriminant validity. Notably, the EATQ-R taps into
effortful control by looking at the three core dimensions of this construct: activation
control, attention and inhibitory control.
The Early Adolescent Temperament Questionnaire (EATQ-R) Short Form –
Revised (Capaldi & Rothbart, 1992; Ellis & Rothbart, 2001) was completed by each
participant. The scales corresponding to Inhibitory Control, Activation Control, and
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Attention were examined only, due to their correspondence to the behavioural
measures used (the Flanker and GoNoGo tasks) and their relevance to the construct of
effortful control. A parent or primary caregiver was asked to fill out the
corresponding parent version of the EATQ-R, again focusing on the Inhibitory
Control, Activation Control and Attention scales. Muris and Meesters (2009) have
found that the EATQ-R has acceptable internal consistency, with moderate to good
test-retest reliability. Moreover, correlations with children’s self-reported personality
and psychopathology were significant. Higher scores on the EATQ-R reflect greater
control and attention.
2.4.1.3 Difficulties in Emotion Regulation Scale
The Difficulties in Emotion Regulation Scale (DERS) (Gratz & Roemer,
2004) was administered to assess various aspects of emotion dysregulation. Gratz and
Roemer (2004) included six subscales in their measure, highlighting difficulties with
behavioural control in the presence of negative emotions (Impulse subscale), the
impression that nothing can be done to regulate emotions sufficiently once you are
distressed (Strategies subscale), the tendency to not accept distress or to experience
negative secondary emotional responses to distress (Nonacceptance subscale),
problems completing tasks effectively and with efficient concentration when
experiencing negative emotions (Goals subscale), a lack of attention towards
emotional responses (Awareness subscale), and how clearly an individual understands
the emotions they are experiencing (Clarity subscale). Higher scores reflect greater
emotion dysregulation or labile mood.
Gratz and Roemer (2004) examined the reliability and validity of the DERS
by administering the scale to 479 undergraduate psychology students. They found that
the six factors were correlated with one another as expected. The DERS in its entirety
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showed high internal consistency, with a coefficient alpha of .93, and the subscales
showed satisfactory internal consistency, with coefficient alphas of .80 or above. The
full scale (r = .88) and the subscales (r = .57 to .89) of the DERS also demonstrated at
least satisfactory test-retest reliability from 4 to 8 weeks, across a different sample of
194 randomly-selected participants on a university campus.
In the aforementioned sample, construct validity was also supported, with
statistically significant correlations found between the overall DERS and another
commonly used measure of emotion regulation, the Negative Mood Regulation Scale
(Catanzaro & Mearns, 1990). In terms of predictive validity, the overall DERS was
significantly correlated with measures of self-harm and partner abuse.

2.5 Experimental Tasks
2.5.1 GoNoGo Task
A visual GNG task was utilised to measure response activation and inhibition.
Participants completed two blocks of this task – an easy and hard version. Each block
consisted of 100 trials, and included a 30-trial practice block to ensure the participant
understood the task initially. For each trial, a central fixation cross was presented for
500 ms, preceding either a green ‘Go’ sign (Go) or a red ‘Stop’ sign (NoGo) which
was presented for 200 ms. Following this, a response window of 500 ms occurred for
the easy version, and 300ms for the hard version, followed by the reappearance of the
central fixation cross – coloured white or red, indicating either a correct or incorrect
response to the previous stimuli respectively. Responses were considered incorrect if
they occurred before 100 ms or after the response window. Further, a variable blank
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interval of 1000 ms, on average, took place before the next trial. The order of the
blocks was counterbalanced across participants.
Stimuli were presented on a 15” laptop computer screen (Dell Latitude
E6520), on the centre of a black background. The screen was situated approximately
40cm from the participant. Participants were instructed to watch the fixation cross.
Further, when a Go stimuli was presented (75% of the trials), they were asked to
respond promptly and accurately by clicking a computer mouse, and when a NoGo
stimuli was presented (25% of trials), they were instructed to withhold their response.
Each mouse click was recorded ensuring omission (when participant’s did not
respond to Go stimuli) and commission errors (when participant’s did not withhold
their response) were quantified. Commission errors are generally considered an
indication of impulsive behaviour (Juvina, 2011).

2.5.2 Flanker Task
The Eriksen visual flanker task was used to measure interference control,
otherwise referred to as selective attention, with participants completing two blocks –
one being an easy version, the other a hard version. Each block contained 56 trials,
including an initial practice block of 10 trials to ensure comprehension of task
requirements. Across both versions, a central fixation cross was presented for 500ms,
followed by a target alone trial (e.g. > or <), a congruent trial (< < < < < or > > > > >),
an incongruent trial (< < > < < or > > < > >) or a neutral trial (= = < = = or = = > = =),
presented for 300ms. Following the stimulus, a response window of 1000ms occurred,
followed by the reappearance of a red or white fixation cross, based on previous trial
correctness, as in the Go/NoGo Task. The amount of space between the target
stimulus and interfering stimuli to the left and right of the target was what
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differentiated the easy version from the hard version, with stimuli being much closer
together for the hard version, thereby increasing interference. The order of the blocks
was counterbalanced across participants.
Stimuli were presented on a laptop computer screen, under the same conditions
as those for the GNG task. Children were instructed to watch the fixation cross and
pay attention to only the middle arrow when the stimulus appeared, and respond using
the left and right arrow keys on the computer keyboard (e.g. if the middle arrow was
pointing to the left, they were to hit the left arrow key quickly and accurately).

2.6 Heart Rate Recording
Heart rate was measured using three disposable Ag/AgCl electrodes connected
to a UFI SC2000/2-IBI/SCL Simple-Scope device. An active electrode was placed on
the sternum and on the participant’s left side (on the midline) approximately six
inches below the armpit (at the V5 or V6 level). The reference electrode was placed
on the right side of the body at the same, or similar, level. The Simple-Scope device
was connected to the laptop and heart rate data and inter-beat intervals were recorded
and saved. Heart rate data was processed using an automated HR processing program
(Kubios HRV).

2.7 Electrophysiological recording
Dry sensor technology was used to record EEG continuously throughout
resting and active tasks. A portable, headband device made of stretchable fabric
(MindBand, NeuroSky, San Jose, California) was utilised, containing an ear-clip
ground electrode (ThinkGear, NeuroSky, USA), 2 x 10mm active electrodes, enclosed
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firmware, microchips and 10mm active and material references. The headband is
shown in Figure 2.1.

Figure 2.1. The MindBand device developed by Neurosky, USA, containing an ear-clip
ground electrode (ThinkGear, NeuroSky, USA), 2 x 10mm active electrodes, enclosed
firmware, microchips and 10mm active and material references. Electrical potential signals
were detected, deriving two EEG channels, from Fp1 and Fp2. The signals were sampled at a
rate of 256 Hz.

Raw EEG was sent to a computer program called NeuroSky Lab (NeuroSky,
USA) via Bluetooth and saved to disc. Electrical potential signals were detected,
deriving two EEG channels, from Fp1 and Fp2. The signals were sampled at a rate of
256 Hz. A case study by Yasui (2009) found that this technology is sensitive to
variations in psychological state – for instance, greater delta activity was
demonstrated during class time, relative to breaks between classes. Moreover, the
utility of ThinkGear dry-sensor technology has been supported with research showing
it is reliable and valid, across resting and active conditions, in comparison to researchgrade EEG technology (e.g. Johnstone, Blackman & Bruggemann, 2012).
Neuroscan software was used to quantify raw EEG data obtained from the
NeuroSky MindBand. Manual inspection and removal of eye blink and muscular
artefacts was carried out. A Fast Fourier Transform (FFT) with a Hanning ﬁlter was
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then conducted, determining the average power in Delta (1.5–3.5 Hz), Theta (3.5–7.5
Hz), Alpha (7.5–12.5 Hz) and Beta (12.5–25 Hz) bands. In addition to absolute EEG
power, relative power was also derived by looking at each band as a proportion of
total power across all bands, to compensate for any variations between participants
that can occur in absolute EEG power (Kropotov, 2009).

2.8 Procedure
Participants completed the DERS (as well as questionnaires measuring other
traits not examined in the current study, due to space constraints) with their peers in a
well-lit, well-ventilated room free from distractions at their respective secondary
schools. They were given adequate time to complete the questionnaires.
The aforementioned recruitment strategies were utilised to make initial contact
with the participants and their parents for this component of the study. If
parent(s)/caregiver(s) gave permission for their child to participate in the research,
they filled out the form provided and sent it back to the primary researcher at the
University of Wollongong (for NSW participants) or research assistants at a
university in Cairns (for QLD participants), including their contact details. They were
also given the option to email or call the primary researcher or one of the external
research assistants in QLD to register their interest in participating. If the form was
returned, one of the researchers contacted each parent/guardian by phone or email to
arrange an appointment either at home or at the university, and the nature of the
research was explained further. Each testing session involved at least two researchers.
Each testing session took approximately 45 minutes, and was conducted in a
well-lit, well-ventilated room where distractions were minimised as much as possible.
Informed written and verbal consent was first acquired from both the parent/caregiver
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and the adolescent. The parent/caregiver then completed the CPRS-R and the parent
version of the EATQ-R, while the adolescent completed the short form of the EATQR. EEG and HR/HRV were recorded during a 3-minute eyes-open resting condition,
followed by a 3-minute eyes-closed resting condition. EEG and HR/HRV were then
recorded as the GNG and Flanker tasks were administered. The order of presentation
of these tasks was counterbalanced. Participants were not given a break due to the
relatively short nature of the testing session. Individual testing sessions began in
August 2012 and spanned a period of approximately five months.

2.9 Statistical Methods
For all data, except sample characteristics, extreme outliers were identified
and removed. Extreme outliers were defined as values more than three times greater
than the 75th percentile. One hundred and seventy data sets were included and
conflicting degrees of freedom throughout the results reflect the fact that some data
was missing due to technical difficulties (heart rate and EEG hardware) and outlier
removal. The external researchers collecting data in QLD experienced an EEG
headset malfunction, which resulted in 57% of QLD right hemisphere data (34% of
the total sample) being unusable. As such, the decision was made to examine left
hemisphere data only.
For Flanker data, interference reaction time (RT) and error scores were
calculated by subtracting RT/errors to neutral stimuli from RT/errors to incongruent
stimuli, with increased RTs and errors reflecting an interference effect (Johnstone,
Watt, & Dimoska, 2010). Facilitation scores were calculated by subtracting RT/errors
to neutral stimuli from RT/errors to congruent stimuli, with decreased RTs and errors
reflecting a facilitation effect (Johnstone, Watt, & Dimoska, 2010). For EEG, relative
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power was calculated for the delta, theta, alpha and beta bands by dividing absolute
EEG band power by total EEG power.
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Results

3.1 Overview of Results and a priori Justification
The three constructs measured in the present study were impulsivity, effortful
control and emotion dysregulation. Impulsivity was measured using observer ratings
of impulse control and attention (CPRS-R short form), behavioural task performance
(GNG and Flanker tasks), and physiological data (HR/HRV and EEG). Effortful
control was measured using subjective and observer ratings (EATQ-R parent and
adolescent forms). Emotion dysregulation was measured using subjective ratings
(DERS).
Correlations between variables were examined, to determine the degree of
association between each. Given the paucity of evidence regarding the various facets
of impulsivity and how they differ, every aspect (e.g. subscale scores, error scores,
reaction times) of each impulsivity measure was included in correlational analyses.
This allowed for a very broad, exploratory examination of all potential linkages, as
well as the ability to pinpoint components that do not relate to one another, providing
support for the notion that impulsivity may be a multidimensional trait.
Descriptive statistics were first examined across measures to compare the
present sample to norms where available. To assess whether levels of impulsivity and
effortful control were related to emotion dysregulation in adolescents, various
correlations were then performed, as outlined below.
Section 3.3 will focus on emotion dysregulation and its correspondence with
observable behaviours. Emotion dysregulation scores were first correlated across
subscales within the DERS, then correlated with effortful control and impulse control
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/ attention. Emotion dysregulation data was then correlated with behavioural
performance and physiological data.
Section 3.4 will briefly examine the relationship between effortful control and
impulsivity, across subjective and observer ratings. Finally, section 3.5 will focus on
correlations between the various measures of impulsivity – observer ratings,
behavioural performance and physiological data.

3.2 Sample Characteristics
Sample characteristics were explored, to compare to norms where available.
Table 3.1 shows the descriptive statistics for responses on the DERS. Higher scores
reflect greater emotion dysregulation. There are no current, documented norms for the
DERS.

Table 3.1
Means and standard deviations of emotion regulation subscales
Variable

Mean

SD

Strategies

2.50

0.99

Nonacceptance

2.68

1.02

Impulse

2.43

1.01

Goals

3.22

1.01

Awareness

2.93

0.92

Clarity

2.71

0.89

Note. n = 154
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Table 3.2 shows the descriptive statistics for responses on the EATQ-R,
separately for adolescent and parent reports, and the parent-reported CPRS-R short
form. For the EATQ-R, higher scores reflect greater control or attention. For the
CPRS-R, higher scores reflect greater problem behaviours associated with an AD/HD
diagnosis. EATQ-R normative data was derived from a sample of 176 adolescents
between the ages of 10 and 15 years, and 62 parents (Ellis, 2002). CPRS-R normative
data was derived from a sample of 378 adolescents between the ages of 15 and 17
years (Conners, 1997).
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Table 3.2
Means and standard deviations of self- and parent-reported effortful control and
parent-reported AD/HD symptoms – Present study and norms
Variable

Mean

SD

Mean

SD

Present

Present

Norms

Norms

Study

Study

Activation Control - Child (n = 169)

3.35

0.79

3.61

0.82

Attention - Child (n = 169)

3.60

0.52

3.55

0.61

Inhibitory Control - Child (n = 169)

3.94

0.60

3.81

0.65

Activation Control - Parent (n = 168)

3.33

0.83

3.23

0.76

Attention - Parent (n = 167)

3.54

0.67

3.36

0.66

Inhibitory Control – Parent (n = 168)

3.85

0.64

3.75

0.56

Oppositional (n = 169)

4.36

3.91

3.40

3.37

Cognitive Problems (n = 167)

3.59

4.42

3.08

4.15

Hyperactivity/Impulsivity (n = 169)

1.62

1.96

0.76

1.54

AD/HD Index (n = 169)

8.04

6.84

5.97

6.77

EATQ-R

CPRS-R short form

Note. The CPSR-R was completed by parents only.

Z-scores were computed for the difference between data from the current
sample and documented norms. For the Hyperactivity/Impulsivity subscale of the
CPRS-R, z = -2.96. This z-score indicates that there was a significant difference
between parent-reported levels of hyperactivity and impulsivity in the current study,
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relative to the norm, with parents in the current study reporting greater
hyperactive/impulsive behaviours. No other significant differences were found.
Table 3.3 shows the descriptive statistics for errors and RT on the hard and
easy versions of the GNG task, which measured inhibitory control, and the hard and
easy version of the Flanker task, which measured selective attention / interference
control.

Table 3.3
Means and standard deviations of GoNoGo and Flanker (facilitation and
interference) performance
Variable

Mean

SD

GNG Easy RT (n = 167)

282.63

26.68

GNG Easy NoGo Errors (n = 167)

5.05

3.85

GNG Hard RT (n = 168)

276.76

19.41

GNG Hard NoGo Errors (n = 168)

4.87

3.42

Easy Facilitation RT (n = 163)

-1.65

27.59

Hard Facilitation RT (n = 160)

-5.67

23.32

Easy Facilitation Errors (n = 163)

-0.07

0.93

Hard Facilitation Errors (n = 163)

-0.21

0.91

Easy Interference RT (n = 160)

71.79

62.76

Hard Interference RT (n = 158)

130.42

85.34

Easy Interference Errors (n = 163)

2.33

2.31

Hard Interference Errors (n = 163)

3.90

2.62

Note. RT = reaction time in seconds
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Table 3.4 shows the descriptive statistics for HR and HRV across resting
conditions (eyes closed and eyes open) and the easy and hard versions of the Flanker
and GNG tasks.

Table 3.4
Means and standard deviations of heart rate and heart rate variability across tasks
Variable

Mean

SD

HR EC (n = 163)

79.19

10.55

HRV EC (n = 162)

60.99

21.61

HR EO (n = 163)

78.13

10.83

HRV EO (n = 163)

62.37

22.51

HR Flanker Easy (n = 168)

79.38

10.41

HRV Flanker Easy (n = 168)

61.76

19.01

HR Flanker Hard (n = 166)

80.78

10.36

HRV Flanker Hard (n = 166)

60.34

19.39

HR GNG Easy (n = 166)

81.13

10.30

HRV GNG Easy (n = 166)

58.33

19.84

HR GNG Hard (n = 166)

80.88

10.47

HRV GNG Hard (n = 165)

59.27

19.08

Note. EC = eyes closed resting condition; EO = eyes open resting condition
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Table 3.5 shows the descriptive statistics for relative and absolute alpha power
across resting conditions (eyes closed and eyes open) and the easy and hard versions
of the Flanker and GNG tasks.

Table 3.5
Means and standard deviations of relative and absolute alpha power across tasks
Variable

Mean

SD

Relative Eyes Closed (n = 161)

0.18

0.09

Relative Eyes Open (n = 161)

0.19

0.07

Relative Flanker Easy (n = 160)

0.19

0.06

Relative Flanker Hard (n = 160)

0.19

0.06

Relative GNG Easy (n = 162)

0.19

0.06

Relative GNG Hard (n = 162)

0.19

0.05

Absolute Eyes Closed (n = 165)

21.12

31.99

Absolute Eyes Open (n = 165)

13.94

10.74

Absolute Flanker Easy (n = 163)

11.52

7.19

Absolute Flanker Hard (n = 163)

11.13

6.21

Absolute GNG Easy (n = 163)

10.21

5.10

Absolute GNG Hard (n = 162)

10.16

5.20

Note. EC = eyes closed resting condition; EO = eyes open resting condition
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3.3 Observable Behaviour
3.3.1 Emotion Regulation
Subscale intercorrelations were explored to assess internal consistency. Table
3.6 shows correlations across subscales of the DERS.

Table 3.6
Correlations between sub-types of emotion regulation
Variable

Strategies

Nonacceptance

Impulse

Goals

Awareness

Clarity

Strategies

-

0.58**

0.66**

0.60**

0.07

0.57**

-

0.45**

0.46**

-0.03

0.53**

-

0.54**

0.07

0.59**

-

-0.09

0.42**

-

0.26**

Nonacceptance

Impulse

Goals

Awareness

Clarity

-

Note. n = 154
* p < 0.05 level
** p < 0.01 level

3.3.2 Emotion Regulation and Effortful Control
Correlations between self-reported emotion dysregulation and effortful control
for self- (Table 3.7) and parent-reported (Table 3.8) data are shown below. As
expected, an inverse relationship between emotion dysregulation subscales and
effortful control was found. However, the correlation between both the
Nonacceptance (“Nonacceptance of emotions”) and Goals (“Lack of goals”) subscales
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of the DERS with all subscales of the EATQ-R did not reach significance for child
(self-reported) and parent-reported responses.

Table 3.7
Correlations between emotion dysregulation and self-reported effortful control
Variable

Activation Control

Attention

Inhibitory Control

Limited access to strategies

-0.19*

-0.22**

-0.24**

Nonacceptance of emotions

-0.01

-0.12

-0.13

Impulse control difficulties

-0.20*

-0.27**

-0.32**

Lack of goals

-0.11

-0.15

-0.13

Emotional unawareness

-0.17*

-0.21**

-0.22**

Lack of emotional clarity

-0.19*

-0.27**

-0.27**

Note. n = 149
* p < 0.05 level
** p < 0.01 level
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Table 3.8
Correlations between emotion dysregulation and parent-reported effortful control
Variable

Activation Control

Attention

Inhibitory Control

Limited access to strategies

-0.18*

-0.25**

-0.22**

Nonacceptance of emotions

0.04

-0.11

-0.08

Impulse control difficulties

-0.28**

-0.27**

-0.33**

Lack of goals

-0.08

-0.18*

-0.17*

Emotional unawareness

-0.22

-0.07

-0.16

Lack of emotional clarity

-0.21**

-0.24**

-0.33**

Note. n = 147
* p < 0.05 level
** p < 0.01 level

3.3.3 Emotion Regulation and Impulse Control / Attention
Table 3.9 shows the relationships between AD/HD symptoms, including
impulsivity, as captured by the parent-reported CPRS-R short form, and emotion
regulation. It was predicted that impulsivity would correlate positively with emotion
dysregulation. The relationship between the Clarity (“Lack of emotional clarity”)
subscale of the DERS and the Cognitive Problems subscale of the CPRS-R was near
significant, r(145) = .15, p = .069. Significant positive correlations were only found
for certain subscales of the questionnaires. The Strategies (“Limited access to
strategies”) subscale of the DERS correlated significantly with the Oppositional and
AD/HD Index scales of the CPRS-R. The Impulse (“Impulse control difficulties”)
subscale of the DERS correlated significantly with the Oppositional, Cognitive and
AD/HD Index subscales of the CPRS-R. The Clarity (“Lack of emotional clarity”)
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subscale of the DERS correlated with the AD/HD index of the CPRS-R. Regression
analyses were run to determine whether DERS responses predicted parent-reported
AD/HD symptoms, but no significant results were found.

Table 3.9
Correlations between emotion regulation and parent-reported AD/HD symptoms
Variable

Oppositional

Cognitive Problems

Hyperactive/Impulsive

AD/HD Index

Limited access to strategies

0.26**

0.14

-0.00

0.22**

Nonacceptance of emotions

0.04

-0.03

-0.02

0.03

Impulse control difficulties

0.31**

0.24**

0.12

0.26**

Lack of goals

0.10

0.08

-0.06

0.11

Emotional unawareness

0.08

0.15

-0.02

0.05

Lack of emotional clarity

0.14

0.15

0.03

0.17*

Note. n = 149
* p < 0.05 level
** p < 0.01 level

3.3.4 Psychophysiological Measures
3.3.4.1 Heart Rate and Heart Rate Variability
There were no significant correlations between emotion regulation and
measures of heart rate and heart rate variability. There was a near significant
relationship between the Clarity subscale of the EATQ-R and heart rate during the
eyes closed resting condition, r(141) = .15, p = .082, heart rate during the eyes open
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resting condition, r(142) = .16, p = .051, and heart rate variability during the eyes
open resting condition, r(142) = -.14, p = .091.
3.3.4.2 Absolute EEG
A positive relationship between alpha EEG activity and emotion dysregulation
was predicted. There were no significant correlations between emotion regulation and
absolute alpha power across tasks.
3.3.4.3 Relative EEG
There were no significant relationships between relative alpha power and
emotion regulation.

3.3.5 Behavioural Performance
3.3.5.1 GoNoGo RT and Errors
It was anticipated that impulsivity, including performance on impulse control
and selective attention behavioural tasks, would correlate positively with emotion
dysregulation. However, for the GNG task, there were no significant correlations with
emotion dysregulation across the easy and hard versions of the task.
3.3.5.2 Flanker RT
For the Flanker task, there were no significant correlations with emotion
dysregulation for RT during the easy version of the task. For the hard version, there
was a significant positive relationship between interference RT and the Strategies
subscale, r(136) = .19, p < .05. There was a near significant positive relationship
between interference RT and the Nonacceptance subscale, r(136) = .16, p = .062, and
the Goals subscale, r(136) = .16, p = .060. For facilitation RT during the hard version,
no correlations were significant.
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3.3.5.3 Flanker Errors
For interference errors during the Flanker task, there was a significant inverse
relationship between errors during the easy version and the Strategies subscale, r(140)
= -.20, p < .05, and the Impulse subscale, r(140) = -.18, p < .05. There was also a near
significant inverse relationship between errors during the easy version and the Goals
subscale, r(140) = -.15, p = .072. There was a significant inverse relationship between
facilitation errors during the easy version and the Impulse subscale, r(140) = -.17, p <
.05. For the hard version of the task, there was a significant inverse relationship
between interference errors and the Goals subscale, r(140) = -.17, p < .05. There were
no significant facilitation errors across the hard version.

3.4 Effortful Control and Impulsivity – Self vs. Parent Reports
Table 3.10 demonstrates the relationships between self- versus parent-reported
subjective ratings of effortful control and impulsivity. As expected, an inverse
relationship between effortful control and impulsivity was found, with significant
correlations between all subscales.
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Table 3.10
Correlations between self- and parent-reported effortful control and impulsivity
questionnaires
Variables

CPRS-R

Parent

Oppositional

Cognitive

Impulsive

ADHD

EATQ-R

Parent

Activation

Attention

Control

Inhibitory
Control

Activation Control

-0.22**

-0.49**

-0.18**

-0.46**

0.55**

0.40**

0.26**

Attention

-0.49**

-0.53**

-0.16**

-0.49**

0.46**

0.43**

0.29**

Inhibitory Control

-0.18**

-0.16**

-0.10

-0.32**

0.29**

0.31**

0.27**

Note. n = 167
* p < 0.05 level
** p < 0.01 level

3.5 Impulsivity
We anticipated that individual levels of impulsivity would be positively
correlated across subjective, behavioural and psychophysiological measures.
3.5.1 Behavioural Measures of Impulsivity
3.5.1.1 GoNoGo Performance
For the GNG task, there were no significant correlations between GNG errors
or RT and the self-reported version of the EATQ-R, or the CPRS-R short form. There
was a significant inverse relationship between NoGo (commission) errors on the easy
version of the GNG task and Activation Control, r(159) = -.16, p < .05, Attention,
r(158) = -.16, p < .05, and Inhibitory Control, r(159) = -.18, p < .05, subscales of the
parent-reported EATQ-R. There was also a significant inverse relationship between
NoGo (commission) errors on the hard version and Activation Control, r(160) = -.16,
p < .05, and Attention, r(159) = -.16, p < .05, subscales of the parent-reported EATQR.
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3.5.1.2 Flanker Performance
For the Flanker task, there was a significant inverse relationship between
facilitation errors on the easy version of the task and the Oppositional subscale of the
CPRS-R, r(157) = -.25, p < .01. There was a near significant positive relationship
between interference RT on the easy version of the task and the Cognitive Problems
subscale of the CPRS-R, r(154) = .13, p = .05.
A positive significant correlation was found between the Activation Control
subscale of the self-reported EATQ-R and facilitation RT on the easy, r(157) = .17, p
< .05, and hard, r(154) = .17, p < .05, versions of the Flanker task. There was also a
positive significant correlation between the Inhibitory Control subscale of the selfreported EATQ-R and facilitation RT, r(154) = .16, p < .05, and facilitation errors,
r(157) = .21, p < .01, during the hard version. A near significant inverse correlation
was found between the self-reported Inhibitory Control subscale and facilitation RT,
r(157) = .15, p = .061, and facilitation errors, r(157) = .14, p = .081, during the easy
version. There was a significant positive relationship between the self-reported
Inhibitory Control subscale and interference errors during the hard version, r(157) =
.16, p < .05.
A significant inverse relationship was found between the Inhibitory Control
subscale of the parent-reported EATQ-R and facilitation RT on the easy version of the
Flanker task, r(156) = -.16, p < .05. There were no significant correlations between
interference RT or errors and the parent-reported EATQ-R.
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3.5.2 Psychophysiological Measures
3.5.2.1 Heart Rate and Heart Rate Variability
3.5.2.1.1 Relations with Subjective Measures
There were no significant correlations between measures of heart rate and
heart rate variability with self-reported and parent versions of the EATQ-R, or the
CPRS-R short form. There was a near significant positive relationship between the
adolescent Attention subscale and heart rate variability during the eyes open resting
condition, r(158) = .15, p = .053. There was also a near significant positive
relationship between the parent Inhibitory Control subscale and heart rate variability
during the eyes open resting condition, r(157) = .15, p = .064. Finally, a near
significant inverse correlation was found between the parent Inhibitory Control
subscale and heart rate during the easy version of the Flanker task, r(162) = -.15, p =
.062.
3.5.2.1.2 Relations with Behavioural Task Performance
There were no significant correlations between GNG performance and
measures of heart rate and heart rate variability. Table 3.11 shows the relationship
between facilitation performance on the easy version of the Flanker task and HRV
across conditions. There was a significant inverse relationship between facilitation
errors and HRV during the eyes closed and eyes open tasks, and the hard version of
the Flanker task.
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Table 3.11
Correlations between facilitation errors during the easy Flanker task and HRV across
tasks
Variable

Errors

EC HRV

EO HRV

Easy Flanker

Hard Flanker

Easy GNG

Hard GNG

(n = 153)

(n = 155)

HRV

HRV

HRV

HRV

(n = 160)

(n = 157)

(n = 157)

(n = 156)

-0.13

-0.19*

-0.13

-0.15

-0.20*

-0.17*

Note. EO = eyes open resting condition; EC = eyes closed resting condition; GNG = GoNoGo task; the
Flanker task measures selective attention; the GNG task measures inhibitory control.
* p < 0.05 level

The correlation between facilitation errors during the easy version of the
Flanker task and HRV during the hard version of the GNG task was near significant,
r(156) = -.15, p = .063. No other facilitation performance measures correlated
significantly with HR or HRV across tasks. There were no significant correlations
between facilitation performance measures and HR.
Table 3.12 shows the relationship between interference RT during the hard
version of the Flanker task, and HR and HRV across tasks. Most HR and HRV
measures correlated significantly with interference reaction time during the hard
version of the Flanker task, with the exception of HRV during the eyes closed task
and the easy version of the GNG task.
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Table 3.12
Correlations between interference RT during the hard Flanker task and HR and HRV
across tasks
Variable
HR Eyes Closed (n = 150)
HRV Eyes Closed (n = 149)

Interference RT During Hard Flanker Task
0.24**
-0.14

HR Eyes Open (n = 151)

0.26**

HRV Eyes Open (n = 151)

-0.21**

HR Easy Flanker (n = 156)

0.23**

HRV Easy Flanker (n = 156)

-0.20*

HR Hard Flanker (n = 153)

0.24**

HRV Hard Flanker (n = 153)

-0.22**

HR Easy GNG (n = 153)

0.25**

HRV Easy GNG (n = 153)

-0.16

HR Hard GNG (n = 153)

0.20*

HRV Hard GNG (n = 152)

-0.18*

Note. HR = heart rate; HRV = heart rate variability; RT = reaction time; GNG = GoNoGo task; the
Flanker task measures selective attention; the GNG task measures inhibitory control.
* p < 0.05 level
** p < 0.01 level

Table 3.13 shows the relationship between interference errors during the hard
version of the Flanker task and HR and HRV across tasks. Significant correlations
between the measures were only found for HR data gathered during the eyes closed
and eyes open tasks, and HRV data gathered during the eyes open and easy flanker
tasks.
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Table 3.13
Correlations between interference errors during the hard Flanker task and HR and
HRV across tasks
Variable

Interference Errors During Hard Flanker Task

HR Eyes Closed (n = 154)

0.21*

HRV Eyes Closed (n = 153)

-0.07

HR Eyes Open (n = 155)

0.18*

HRV Eyes Open (n = 155)

-0.18*

HR Easy Flanker (n = 160)

0.13

HRV Easy Flanker (n = 160)

-0.18*

HR Hard Flanker (n = 157)

0.14

HRV Hard Flanker (n = 157)

-0.15

HR Easy GNG (n = 157)

0.15

HRV Easy GNG (n = 157)

-0.13

HR Hard GNG (n = 157)

0.13

HRV Hard GNG (n = 156)

-0.11

Note. HR = heart rate; HRV = heart rate variability; RT = reaction time; GNG = GoNoGo task; the
Flanker task measures selective attention; the GNG task measures inhibitory control.
* p < 0.05 level
** p < 0.01 level

There was a near significant relationship between interference errors during
the hard version of the Flanker task and HR, r(157) = .14, p = .071, and HRV, r(157)
= -.15, p = .061, during the hard version of the Flanker task. There was also a
significant inverse correlation between interference errors during the easy Flanker
task and HRV during the eyes open condition, r(155) = -.18, p < .05. No other
correlations were significant between interference performance and HR / HRV.

49
3.5.2.2 EEG
Note that EEG data reported here is left hemisphere data only. Refer to
Method section for rationale.
3.5.2.2.1 Relations with Subjective and Observer-Reported Measures
Table 3.14 demonstrates the relationship between the Oppositional and
Hyperactive/Impulsive subscales of the CPRS-R short form with relative alpha power
across tasks. No significant relationships were found between other subscales of the
CPRS-R and relative alpha power. Relative alpha power during all active tasks except
the easy version of the GNG task correlated significantly and positively with parentreported oppositional behaviours. Relative alpha power during only the GNG tasks
correlated significantly and positively with parent-reported hyperactive/impulsive
behaviours.
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Table 3.14
Correlations between parent-reported oppositional and hyperactive/impulsive
behaviours and relative alpha EEG power measured across active tasks
Variable

Easy Flanker Alpha

Hard Flanker Alpha

Easy GNG Alpha

Hard GNG Alpha

(n = 157)

(n = 157)

(n = 159)

(n = 159)

Oppositional

0.18*

0.18*

0.15

0.22**

Hyperactive/Impulsive

0.12

0.13

0.17*

0.19*

Note. GNG = GoNoGo task; the Flanker task measures selective attention; the GNG task measures
inhibitory control.
* p < 0.05 level
** p < 0.01 level

There was a significant, positive relationship between the parent-reported
Attention subscale of the EATQ-R and relative alpha power during the easy version
of the Flanker task, r(154) = .17, p < .05, as well as relative alpha during the easy
version of the GNG task, r(155) = .16, p < .05. There were no other significant
correlations between subscales of the EATQ-R and relative alpha power.
There were no significant correlations between absolute alpha power and the
CPRS-R. Table 3.15 demonstrates the relationship between the self-reported
Activation Control subscale of the EATQ-R and absolute alpha power across the
GNG and Flanker tasks. Significant positive correlations were found across tasks.
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Table 3.15
Correlations between subjective activation control and absolute alpha EEG power
measured across active tasks
Variable

Activation Control

Easy Flanker Alpha

Hard Flanker Alpha

Easy GNG Alpha

Hard GNG Alpha

(n = 158)

(n = 155)

(n = 156)

(n = 156)

0.17*

0.20*

0.17*

0.22**

Note. GNG = GoNoGo task; the Flanker task measures selective attention; the GNG task measures
inhibitory control.
* p < 0.05 level
** p < 0.01 level

There were no significant correlations between absolute alpha power during
resting conditions and the Activation Control subscale of the EATQ-R. Further,
absolute alpha power across resting and active conditions did not correlate
significantly with the other subscales of the EATQ-R. However, there was a near
significant positive relationship between absolute alpha power during the hard
Flanker task and the Attention subscale of the EATQ-R, r(155) = .15, p = .066. There
were no significant correlations between absolute alpha power and the parent-reported
EATQ-R.
3.5.2.2.2 Relations with Behavioural Task Performance
There was a significant, inverse correlation between errors made during the
easy version of the GNG task and relative alpha power during the eyes closed, resting
condition, r(156) = -.18, p < .05, as well as relative alpha power during the easy
version of the Flanker task, r(153) = -.19, p < .05. For facilitation performance on the
Flanker task, there was a significant, positive relationship between facilitation
reaction time during the hard version of the Flanker task and relative alpha power
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during the eyes open, resting task, r(150) = .19, p < .05. No other facilitation
performance measures correlated with relative alpha power.
Table 3.16 shows the relationship between interference errors on the easy
version of the Flanker task and relative alpha power measured across resting and
active tasks. Significant inverse correlations were found for all but relative alpha
power during the eyes closed, resting task.

Table 3.16
Correlations between interference errors during an easy version of the Flanker task
and relative alpha EEG power across all tasks
Variable

Errors

Eyes Closed

Eyes Open

Easy Flanker

Hard Flanker

Easy GNG

Hard GNG

(n = 152)

(n = 152)

(n = 152)

(n = 152)

(n = 154)

(n = 153)

-0.11

-0.18*

-0.24**

-0.24**

-0.19*

-0.23**

Note. GNG = GoNoGo task; the Flanker task measures selective attention; the GNG task measures
inhibitory control.
* p < 0.05 level

There were no significant correlations between GNG performance and
absolute alpha power. For facilitation performance on the Flanker task, there was a
significant inverse relationship between facilitation errors during the hard task and
absolute alpha power during the eyes open condition, r(155) = -.16, p < .05, as well as
during the easy version of the Flanker task, r(153) = -.16, p < .05. No other
facilitation performance measures correlated with absolute alpha power. Table 3.17
shows the relationship between interference errors on the easy version of the Flanker
task and absolute alpha power measured during active tasks. Significant inverse
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correlations were found for all but absolute alpha EEG power during the easy version
of the Flanker task.

Table 3.17
Correlations between interference errors during an easy version of the Flanker task
and absolute alpha EEG power across active tasks
Variable

Errors

Easy Flanker

Hard Flanker

Easy GNG

Hard GNG

(n = 153)

(n = 150)

(n = 151)

(n = 151)

-0.11

-0.17*

-0.18*

-0.20*

Note. GNG = GoNoGo task; the Flanker task measures selective attention; the GNG task measures
inhibitory control.
* p < 0.05 level

The relationship between interference errors during the Flanker task and
absolute alpha power during the eyes closed resting condition approached
significance, r(156) = -.14, p = .076. Other interference measures did not significantly
correlate with absolute alpha power across tasks.

3.6 Summary Table of Key Results
Table 3.6 summarises the most significant and interesting findings in this study.
Correlation

Significant Findings

Emotion dysregulation (DERS) and

Inverse correlation between emotion dysregulation subscales

effortful control (EATQ-R)

and effortful control (except Nonacceptance and Goals
subscales).

Emotion dysregulation (DERS) and

Significant positive correlations were only found for some

impulse control / attention (CPRS-R)

subscales – Strategies with Oppositional and AD/HD
subscales; Impulse with Oppositional, Cognitive and AD/HD
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Index subscales; Clarity with AD/HD index subscale.
Emotion dysregulation (DERS) and

Significant positive correlation between Strategies subscale

selective attention (Flanker)

and interference RT; Significant inverse correlation between
Impulse subscale and errors during easy Flanker task;
Significant inverse correlation between Goals subscale and
interference errors during hard Flanker task.

Effortful control (EATQ-R) and

Significant inverse correlation between effortful control and

impulsivity (CPRS-R)

impulsivity across all subscales, across self- and parentreports.

Effortful control (EATQ-R) and

Significant inverse correlation between all EATQ-R subscales

impulse control (GoNoGo)

and commission errors during easy GNG task; Significant
inverse correlation between Activation Control/Attention
subscales and commission errors during hard GNG task.

Impulsivity (CPRS-R) and selective

Significant inverse correlation between Oppositional subscale

attention (Flanker)

and facilitation errors during easy Flanker task.

Effortful control (EATQ-R) and

Significant positive correlation between self-reported

selective attention (Flanker)

Activation Control subscale and facilitation RT during easy
and hard Flanker task; Significant positive correlation between
self-reported Inhibitory Control subscale and facilitation RT
and errors during hard Flanker task; Significant inverse
correlation between parent-reported Inhibitory Control
subscale and facilitation RT during easy Flanker task.

Heart rate and selective attention

Most HR and HRV measures correlated significantly with

(Flanker)

interference RT during hard Flanker task (except HRV during
eyes closed and easy GNG task); Significant positive
correlations between HR/HRV (during eyes open and eyes
closed tasks) and interference errors during hard Flanker task.

EEG and impulsivity (CPRS-R)

Significant positive correlations between relative alpha power
(during all active tasks except easy GNG) and parent-reported
Oppositional behaviours; Significant and positive correlation
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between relative alpha power (during only the GNG tasks) and
parent-reported Hyperactivity/Impulsivity.
EEG and effortful control (EATQ-R)

Significant positive correlation between relative alpha power
(during easy Flanker and easy GNG tasks) and parent-reported
Attention subscale; Significant positive correlations between
relative alpha power (during Flanker and GNG tasks) and selfreported Activation Control subscale.

EEG and impulse control (GoNoGo)

Significant inverse correlation between relative alpha power
(during eyes closed and easy Flanker tasks) and errors during
easy GNG task.

EEG and selective attention

Significant positive correlation between relative alpha power

(Flanker)

(during eyes closed) and facilitation RT (during hard Flanker
task); Significant inverse correlations were found between
relative alpha power (across all except eyes closed task) and
interference errors during easy Flanker task; Significant
inverse correlation between absolute alpha power (during eyes
open task) and facilitation errors (easy and hard Flanker task);
Significant inverse correlations were found for all but absolute
alpha EEG power during the easy Flanker task and interference
errors (during easy Flanker task)
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Discussion
4.1 The Present Study
The aim of the current study was to assess whether levels of impulsivity and
effortful control among a non-clinical adolescent population were related to selfreported emotion dysregulation. Relationships between the different measures of
impulsivity – as measured across subjective, observer-reported, behavioural and
psychophysiological domains – were also explored, to determine whether impulsivity
is a one-dimensional construct.
An inverse relationship between effortful control and impulsivity was
hypothesised. Indeed, a significant inverse relationship was found between effortful
control and impulsivity, across self- and parent-reports. Performance was expected to
worsen for hard versions of the GNG and Flanker tasks, relative to easy versions, due
to task difficulty effects. This was only apparent for the hard version of the selective
attention task. Moreover, impulsivity was expected to correlate positively with
emotion dysregulation, including a positive relationship between relative/absolute
alpha power and emotion dysregulation, and an inverse relationship between HRV
and emotion dysregulation, with the reverse expected for effortful control. While it
was found that, for emotion dysregulation and impulse control scales, significant
positive correlations were apparent across certain subscales only, there were no
significant relationships between emotion dysregulation and physiological measures.
Further, it was expected that measures of attention, including the selective attention
(Flanker) task, would correlate inversely with emotion dysregulation, in accordance
with Eisenberg et al.’s (1998) proposal that attentional processes are paramount to the
emergence of emotion regulation. Indeed, a significant positive relationship was
found between the Strategies subscale of the emotion dysregulation measure and

57
interference reaction time on the selective attention task, a significant inverse
relationship was found between the Impulse subscale and errors during the easy
selective attention task, and a significant inverse relationship was found between the
Goals subscale and interference errors during the hard selective attention task.

4.2 Sample Characteristics
Self- and parent-reported effortful control scores derived from the present
sample were not dissimilar to documented norms. Parent-reported AD/HD symptoms
and impulsivity, as measured by the CPRS-R, were also similar to documented norms.
However, it is of note that the present sample scored significantly higher than the
general population across the Hyperactivity/Impulsivity subscale, suggesting the
present sample may have exhibited significantly greater hyperactive and impulsive
behaviours relative to the general population.
For the GNG task, unexpectedly, mean response time was slower during the
easy version of the task, relative to the hard version. Further, slightly more NoGo
commission errors were made, on average, during the easy version of the task. It is
possible that the participants tried harder during the hard task, due to a recognition of
its difficulty, and subsequently responded quicker and with greater accuracy.
Yet, for the Flanker task, as expected, mean response time was slower during
the hard version of the task, relative to the easy version. Moreover, the hard version
elicited more errors on average, reflecting a greater interference effect and suggesting
task difficulty had an influence on the sample for this task only. Subsequently, it is
possible that the hard version of the GNG task was not difficult enough for this age
group, while the hard version of the Flanker task was.
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Mean HR was slightly amplified during active tasks, relative to resting tasks,
while mean HRV was slightly lower, as would be expected. Relative EEG alpha
power was comparable across resting and active tasks on average. Absolute EEG
alpha power was higher during the eyes closed resting task. This is in line with past
research, which has found significant reductions in absolute alpha power in the frontal
lobe from eyes closed to eyes open conditions (e.g. Barry, Clarke, Johnstone, Magee,
& Rushby, 2007).

4.3 Observable Behaviour Findings
4.3.1 Emotion Regulation
Internal correlations between most subscales of the DERS were significant,
with the exception of the Awareness subscale, which only correlated significantly
with the Clarity subscale. Past research has found the Awareness subscale to be the
least internally consistent of the DERS subscales (e.g. Gratz & Roemer, 2004). This
may be explained by examining what each subscale represents. While the Awareness
and Clarity subscales both measure an individual’s opinions of their emotions, the
other subscales focus more on active acceptance, engagement, control and
strategising.
4.3.1.1 Emotion Regulation and Effortful Control
In accordance with predictions, there was an inverse relationship between selfand parent-reported effortful control and emotion dysregulation, suggesting greater
effortful control was associated with less emotion dysregulation. However,
significant correlations were only apparent for the Strategies, Impulse, Awareness and
Clarity subscales of the DERS, not the Nonacceptance and Goals subscales. The
Nonacceptance subscale measures an individual’s acceptance of their emotional
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responses, while the Goals subscale measures effective and engaged completion of
tasks in the presence of emotional arousal. It could be argued that without proper
engagement with emotions, there can be no acceptance of emotional responses.
Effortful control may be viewed as the inverse of impulsivity, involving the
effectiveness of attention and the ability to plan and distinguish errors. It is possible
that the Nonacceptance and Goals subscales did not correlate significantly with
effortful control because the processes of persisting with goals and accepting
emotions are less relevant to this process than other emotion regulation strategies such
as controlling emotional impulses, being aware of and clear on emotions, and
strategising as to how to regulate emotions, as per the other subscales of the DERS.
4.3.1.2 Emotion Regulation and Impulse Control / Attention
It was hypothesised that impulsivity would correlate positively with emotion
dysregulation, however findings were mixed. In the predicted direction, the Strategies
subscale of the DERS correlated with parent-reported oppositional behaviours and
AD/HD symptoms only. Similarly, the Impulse subscale of the DERS correlated
positively and significantly with parent-reported oppositional behaviours, cognitive
problems and AD/HD symptoms, but curiously not with hyperactive/impulsive
behaviours. The Clarity subscale of the DERS correlated positively and significantly
with parent-reported AD/HD symptoms only. These findings are difficult to interpret.
They may suggest that a lack of emotion regulation strategies and clarity, and the
presence of impulse control difficulties, are most strongly associated with AD/HD
symptomology, however it is curious that only certain subscales demonstrated a
significant correlation. It may be beneficial to use a second observer-reported measure
of impulsivity in subsequent research, as the CPRS-R may not have been an effective
measure of impulse control and attention difficulties across settings.
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4.3.1.3 Emotion Regulation and Physiological Measures
There was no evidence of a significant relationship between emotion
dysregulation and HR or HRV. Yet, there was a near significant positive relationship
between the Clarity subscale of the DERS and HR during the eyes closed and eye
open resting conditions, and a near significant inverse relationship between the
Clarity subscale and HRV during the eyes open resting condition. This suggests that
less clarity of emotions may correspond with lower HR and greater HRV, discrepant
with predictions. It is possible that there may be something distinct about HR and
HRV at rest, compared to during active tasks. This unexpected result ought to be
explored further, perhaps utilising a longer resting period or having the participants
relax for 10 minutes before recordings begin, given that the present study used a
resting period of only 3 minutes and participants were asked to perform the tasks
immediately. Though some past research has found a short recording period of
between 2.5 to 5 minutes to be sufficient (e.g. Marks & Lightfoot, 1999), the
reproducibility of shorter periods is lower than that of longer recordings.
There were no significant relationships between alpha EEG power and
emotion dysregulation. As discussed in section 4.5 below, significant correlations
were found between relative alpha EEG and parent-reported impulsivity, as well as
interference errors during the easy version of the Flanker task, so there was some
indication that, at least, relative alpha EEG does correspond with observer-reported
and behavioural impulsivity. Thus, it is possible that the recording time for EEG in
the present study was insufficient to show a significant relationship. The present study
measured EEG across two 3-minute resting tasks and active tasks of approximately 45 minutes each, due to time constraints, as per similar studies (e.g. Lansbergen et al.,
2007). However, longer recording periods may be associated with more reliable data,
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and this may be especially pertinent for a frontal EEG recording which inevitably
involves a considerable amount of artifact removal. Future research could use a longer
baseline period prior to active tasks, as per more intensive EEG studies (e.g. Barry et
al., 2007). It is also arguable that, as the brain is still developing during adolescence
(Blakemore & Choudhury, 2006), links with emotion dysregulation may not be
apparent until the later adolescent or early adulthood years. A longitudinal
examination of adolescents would be beneficial to determine whether this may be the
case.

4.3.1.4 Emotion Regulation and Behavioural Performance
GNG task performance, measuring impulse control, showed no significant
correlations with emotion dysregulation. This may be explained with reference to
sample characteristics, which showed little performance differences between the hard
and easy versions of the GNG task. It is possible that neither versions of the task were
difficult enough to differentiate between participants with varying levels of impulse
control. Future research may derive an effect by increasing task difficulty for both the
easy and hard versions of this task.
4.3.1.4.1 Flanker RT
On the other hand, there was a significant positive correlation between
interference RT on the hard version of the Flanker task and the Strategies subscale of
the DERS, as expected, suggesting a relationship between interference effects and an
increased propensity to believe that nothing can be done to regulate emotions
sufficiently once distressed. This is an interesting finding, highlighting also that
having strategies to regulate emotions may correspond with a greater ability to
demonstrate selective attention when required.
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Similarly, a near significant positive correlation was found between
interference RT on the hard version of the Flanker task and both the Nonacceptance
and Goals subscales of the DERS, in line with expectations. This suggests there is a
relationship between interference effects and an increased tendency to not accept
distress (as per the Nonacceptance subscale), and to struggle with effective
completion of tasks with sufficient attention (as per the Goals subscale), when
distressed. It certainly makes sense that a decreased ability to ignore interference (as
per an interference effect on the Flanker task) would relate to difficulties attending to
tasks when distressed (as per the Goals subscale). It is of interest that this also relates
to not accepting distress (as per the Nonacceptance subscale of the DERS). It may
suggest that poorer performance, as reflected by slower RT, is in part due to denial of
the emotional state one is experiencing as a result of the task at hand, though a
longitudinal examination would be required to confirm this. Additionally, it again
appears that there was something inherent in the hard version of the Flanker task that
perhaps elicited a stronger emotional reaction than the easy version.
4.3.1.4.2 Flanker Errors
Yet, performance on the easy version of the Flanker task also correlated
significantly with aspects of emotion dysregulation. Interference errors were
negatively related to the Strategies and Impulse subscales of the DERS, unexpectedly
suggesting greater interference effects may relate to an increased belief that
something can be done to regulate emotions sufficiently once distressed, and
decreased difficulties with behavioural control in the presence of negative emotions.
Similarly, there was an unexpected significant negative relationship between
interference errors on the hard version of the Flanker task and the Goals subscale of
the DERS, suggesting greater interference effects relate to less difficulty attending to
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tasks when distressed. These curious findings may again be explained with reference
to task difficulty. Future research may benefit from utilising a more difficult version
of both behavioural tasks, to determine whether the same relationships arise. Indeed,
past research has shown that, for the GNG task, a lower probability of stop signals
relates to greater impulsivity, as shown by faster reaction times and greater
commission errors (e.g. Ramautar, Kok, & Ridderinkhof, 2004).

4.4 Effortful Control and Impulsivity – Self vs. Parent Reports
As expected, significant correlations were apparent between self- and parentreported measures of effortful control (EATQ-R) and impulsivity (CPRS-R). Effortful
control correlated inversely with impulsivity, while self- and observer-reported
effortful control correlated positively. The only correlation that did not reach
significance was the relationship between the Hyperactivity/Impulsivity subscale of
the CPRS-R (parent-reported) and the Inhibitory Control subscale of the EATQ-R
(self-reported). This is unexpected, as it has been suggested that a lack of inhibitory
control underlies impulsive behaviour (Barkley, 2006), so a strong, negative
correlation between the two constructs would be expected. While the correlation was
negative as expected, it may not have reached significance as adolescents were
required to report on their own inhibitory control. Perhaps the age group in the
present study did not have sufficient self-awareness of this construct, relative to their
parents’ observations. The inverse may have been true also, with parents potentially
not observing a great deal of inhibitory control behaviours within the home. Future
research would benefit from a more thorough examination of the relationship between
impulsivity and inhibitory control, including teacher reports, as these behaviours may
be more easily recognised in a classroom setting. It would also be of interest to
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examine older adolescents, to determine whether they do indeed have greater selfawareness of inhibitory control behaviours as they get older.

4.5 Impulsivity
4.5.1 Behavioural Measures of Impulsivity
We examined correlations between GNG task performance and self- and
parent-reported questionnaires. As expected, we found a significant inverse
relationship between commission errors and parent-reported effortful control,
suggesting greater errors were related to less effortful control. For the hard version of
the GNG task, an inverse relationship was found between commission errors and the
Activation Control and Attention subscales of the parent-reported EATQ-R, but not
the Inhibitory Control subscale. This is unexpected given that the GNG task is a
measure of impulse control and would be expected to correlate with an observerreported measure of inhibitory control. It is possible that participants were actively
controlling their behaviour and paying sufficient attention during the task but, due to
an increase in difficulty, were less able to inhibit responses effectively when required.
Subsequent research may explore this by implementing a considerably harder version
of the task to see if the same relationships arise. It is also curious that the same
correlations were not significant for the self-reported EATQ-R, suggesting again that
parents may have greater awareness of, or a greater willingness to report, behaviours
relevant to effortful control, in comparison to their child.
The relationships between Flanker task performance and self- and parentreported questionnaires was also examined. In terms of facilitation effects, a
significant inverse relationship was found between facilitation errors on the easy
version of the task and parent-reported oppositional behaviours, suggesting greater
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errors were associated with less observed oppositional behaviours. Further, a
significant positive relationship was found between facilitation RT, across easy and
hard versions of the task, and self-reported Activation and Inhibitory Control,
suggesting slower RT was associated with greater subjective activation and inhibitory
control behaviours. The same relationship was found for correlations between both
facilitation RT and errors with self-reported Inhibitory Control. Moreover, a
significant positive relationship was found between self-reported Inhibitory Control
and interference errors, but only during the hard version of the task. These findings
point to a discrepancy between subjective and observer-reported measures and
behavioural tasks in regards to impulsivity. This is in line with Evenden’s (1999)
argument that impulsivity is a multidimensional trait and a single measure may only
capture one part of the construct. For instance, the behavioural tasks may have been
tapping into motor impulsivity alone, while the questionnaires may have tapped into
cognitive impulsivity. Future research is required to support this argument.
Further, in terms of interference effects for the Flanker task, only one
significant relationship arose. Facilitation RT on the easy version of the Flanker task
correlated significantly and inversely with parent-reported inhibitory control,
suggesting slower RTs were related to greater inhibitory control. Again, this
relationship may point to the different aspects of impulsivity gauged by each measure.
Future research would benefit from a more direct differentiation of the various aspects
of impulsivity, for example correlating behavioural tasks with questionnaires
measuring motor impulsivity exclusively.
Overall, there were few strong, significant correlations between questionnaires
and behavioural task performance. This was expected, given the arguably
multidimensional nature of impulsivity and the notion that each measure was tapping
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into a different aspect of this construct. The findings are in line with Cyders and
Coskunpinar’s (2011) meta-analysis of 27 peer-reviewed journal articles, which
explored the relationship between self-report and behavioural task measures of
impulsivity. Though a statistically significant correlation was found between the two
measures, the relationship was small with little overlap. Their meta-analysis revealed
significant relationships between specific aspects of impulsivity, such as lack of
perseverance and pre-potent response inhibition, and sensation seeking and delayed
response. This provides further support that the behavioural tasks and questionnaires
may measure distinct aspects of impulsivity.

4.5.2 Psychophysiological Measures of Impulsivity
4.5.2.1 HR and HRV
Surprisingly, there were no significant correlations between HR/HRV and
questionnaires, suggesting no strong association between impulsivity, effortful
control, and cardiovascular measures. While there were also no significant
correlations between HR/HRV and GNG task performance, there was a significant
inverse relationship between facilitation errors during the easy version of the Flanker
task and HRV across resting conditions and the hard version of the Flanker task. This
suggests there may be a relation between selective attention and HRV under certain
conditions – in this case, a difficult, selective attention paradigm.
Further, a variety of HR and HRV measures across tasks correlated
significantly with interference RT during the hard version of the Flanker task, with
the exception of HRV during the eyes closed resting condition and the easy version of
the GNG task. It is hard to reason why the correlation was not significant for the latter
tasks, though it may be argued that participants were more relaxed at those times,
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relative to during other tasks, and did not demonstrate as strong a cardiovascular
reaction. Further research could measure self-reported relaxation or comfort levels at
the end of each task, to determine individual differences in these factors.
Various HR and HRV measures across tasks also correlated significantly with
interference errors during the hard version of the Flanker task. However, this was only
found for HR data gathered during resting tasks, and HRV gathered during eyes
closed and easy Flanker tasks. Again, this may be due to different cardiovascular
reactions to task type/difficulty. This also establishes further support for the notion
that there was something distinct about the hard version of the Flanker task, given that
interference effects were strongly correlated with HR and HRV measures during this
task alone. The one exception was a significant inverse relationship between
interference errors on the easy Flanker task and HRV during the eyes open condition.
4.5.2.2 EEG
The current study explored left hemisphere relative and absolute alpha EEG
power and its relations to questionnaire responses and behavioural task performance.
Alpha power was expected to correlate inversely with measures of impulsivity, based
on the theories of Eysenck (1967) and Gray (1987). Unexpectedly, relative alpha
power measured during active tasks was positively associated with parent-reported
oppositional behaviours. Further, relative alpha power during the GNG tasks, both
easy and hard versions, was positively correlated with parent-reported
hyperactive/impulsive behaviours. Similarly, there was a significant, positive
relationship between relative alpha during the easy version of the Flanker and GNG
tasks and parent-reported attention. These findings point to a relationship between
increased relative alpha power during active tasks and greater oppositional and
impulsive behaviours among adolescents, but also less attentional behaviours. This is
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a curious finding, not only because it is discrepant with predictions but because
similar constructs correlated differently with EEG recordings. However, it could
certainly be argued that these constructs are theoretically distinct.
Alpha power was expected to correlate positively with measures of effortful
control. As expected, significant positive correlations were found between absolute
alpha power across all active tasks and self-reported Activation Control, suggesting a
consistent link between absolute alpha power during active tasks only and the ability
to activate behaviour in an adaptive way as per the situation at hand. There were no
significant correlations between absolute alpha power and other facets of effortful
control (Attention and Inhibitory Control, and across parent-rated responses). This
suggests there is something distinct about the relationship between alpha power and
Activation Control as perceived by adolescent self-reports only.
In relation to behavioural task performance, there was a significant, inverse
correlation between relative alpha power during the eyes closed task, as well as the
easy version of the Flanker task, and errors during the easy version of the GNG task.
This may suggest that decreased relative alpha power during rest is associated with
worse inhibitory control performance. This provides support for Eysenck (1967) and
Gray’s (1987) argument that impulsivity (in this case, inhibitory control as a facet of
impulsivity) is related to low cortical arousal, and supports previous research (e.g.
Barry et al., 2011; Compton et al., 2011).
In line with predictions, for facilitation performance on the Flanker task, there
was a significant positive correlation between relative alpha power during the eyes
open task and facilitation reaction time during the hard version of the Flanker task.
Further, significant inverse correlations were also found between errors during an
easy version of the Flanker task and relative alpha power across all but the eyes
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closed, resting task. The latter finding may suggest that decreased relative alpha
power is associated with worse selective attention performance. This, in combination
with the above finding that suggests an association between decreased relative alpha
power and worse inhibitory control performance, seems to support the notion that
decreased brain activity may be a biological marker of impulsivity (Lansbergen et al.,
2007).
While there were no significant correlations between absolute alpha power
and GNG performance, there was a significant inverse relationship between absolute
alpha power during the eyes open and easy Flanker tasks with facilitation errors
during the hard version of the Flanker task. Moreover, significant inverse correlations
were found between interference errors during the easy version of the Flanker task
and absolute alpha power during all but the easy version of the Flanker task. Again,
this supports the notion that decreased arousal is associated with increased
impulsivity.
Physiological findings presented here are varied and require further
exploration. Evenden (1999) has argued that, due to the multidimensional nature of
impulsivity, there are likely no single biological bases of this trait, but instead various
different biological underpinnings. The findings presented here certainly suggest this
may be the case, with both cardiovascular and EEG measures correlating with other
measures of impulsivity in varied ways.

4.6 Methodological Limitations
Several limitations of the present study require consideration. The use of
subjective behaviour rating scales is limiting. Responses can be influenced by social
bias, whereby participants respond in a way they believe to be socially acceptable,

70
lessening the accuracy of results (American Academy of Pediatrics, 2001). In an
attempt to lessen this effect, participants and their parent/caregiver were assured that
responses were confidential.
Further, while both parent and self-reports were gathered for the EATQ-R,
teacher reports were not obtained. As such, behaviours in a school setting may not
have been reflected in our findings. Past research has found inconsistencies in
children’s behaviour across home and school settings (American Academy of
Pediatrics, 2001), which may also be apparent for adolescents. However, the EATQ-R
and CPRS-R did feature some questions about the participants’ behaviours in a school
setting. Moreover, although parents/caregivers are typically not present in the
classroom, it is recognised that many private schools do conduct regular parentteacher interviews, in which parents should be informed of maladaptive or
commendable behaviours in the classroom.
It is also recognised that the behavioural tasks used in the present study may
not have been visually stimulating, interesting, or difficult enough for the adolescent
population, given the current state and popularity of video games, which are often
graphically intricate and engaging. It is possible that participants may have become
bored partway through the task and therefore did not apply themselves completely.
There is, however, a significant body of research that supports the use of simple
visual tasks in the examination of impulsivity (e.g. Anderson, 1983; Broos et al.,
2012). Additionally, we ensured each task took no longer than 10 minutes to
complete, in an attempt to lessen boredom over time.
In order to make data collection as convenient as possible for the participant
and their caregiver, the researchers travelled to various locations to collect data
including the university campus, within homes, or at community centres. Across

71
approximately one quarter of testing sessions, the setting was less than optimal due to
background noise, for example, young siblings talking or crying, televisions playing,
or neighbours carrying out construction work. This could not be reasonably avoided
but may have affected the performance of the participant if they were distracted by
the noise. Regardless, this was seen as a necessary limitation, making testing sessions
convenient in order to ensure high recruitment rates.
Similarly, testing sessions took place over a 4-month period. As such, some
participants’ results may have been influenced by extraneous variables and
circumstances, such as being on school holidays, compared to adolescents who
participated in the research during the school term, often after a long day at school. It
may be assumed that those on holidays were more relaxed and/or alert, while those
who participated during the term may have already been mentally exhausted to some
degree, negatively impacting their concentration. Future studies may benefit from
greater consistency in this respect.
It is also recognised that correlational data of the nature presented here does
not prove causality in any given direction (Eisenberg, Champion, & Ma, 2004). While
it is still of value to determine whether certain aspects of functioning are interrelated,
a longitudinal examination of these variables would be beneficial in determining the
direction of the relationships involved. Additionally, with the number of analyses
conducted, there was a possibility of type one error.
Further, measuring frontal EEG activity may not provide as all-encompassing
a measure of brain activity as would a measure of EEG activity across the entire
scalp. Eye blink artifacts are prominent in frontal EEG data and must be rejected,
resulting in less interpretable data overall. However, it is recognised that frontal EEG
measures are important in the measurement of behavioural difficulties in children and
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adolescents. For example, Santesso, Segalowitz and Schmidt (2006) measured
relative resting frontal EEG in their examination of non-clinical 10-year-olds and
found that greater aggression was associated with greater relative resting left frontal
EEG. Past studies have also examined frontal EEG effectively and reliably using a
portable headset (Johnstone et al., 2012).

4.7 Practical Implications
An empirical exploration of impulsivity, particularly in an adolescent
population, has practical and clinical relevance. On a practical level, inhibitory
control is imperative to an adolescent’s day-to-day life in that it moderates the way
they function in social settings – for instance, allowing them to withhold inappropriate
comments when necessary (Hippel & Gonsalkorale, 2005). On a clinical level, the
study of impulsivity can highlight methods of intervention relevant to impulse control
disorders, such as AD/HD, suggesting methods to promote appropriate behaviours
(Juvina, 2011).
Present findings suggested that AD/HD symptoms may be due to a
combination of possessing poor knowledge of what to do when upset (Strategies
subscale of the DERS), acting impulsively when experiencing strong emotions
(Impulse subscale of the DERS), and not being able to clearly identify and label
feelings (Clarity subscale of the DERS). All three factors could be targeted in
interventions, in an effort to influence AD/HD outcomes.
Further, given the significant relationship between self- and parent-reported
impulsivity and emotion dysregulation in the present study, it may be inferred that
continued use of ineffective or non-existent emotional coping strategies may lead to
impulsive tendencies, such as alcohol abuse, drug abuse and smoking, among
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adolescents. As such, preventative measures may be put in place to identify emotion
dysregulation early in adolescent populations and subsequently provide psychoeducation as to useful coping strategies, perhaps lessening the impact of impulsive
behaviours and impulse control disorders (Schreiber, Grant & Odlaug, 2012).

4.8 Conclusion
The present study assessed the relationship between impulsivity, effortful
control and emotion regulation, as well as relationships between different measures of
impulsivity. It was hypothesised that measures of impulsivity would correlate
positively with emotion dysregulation, however findings were mixed. Only certain
subscales correlated across subjective impulsivity and emotion dysregulation
measures, suggesting only that a lack of emotion regulation strategies and clarity, and
the presence of impulse control difficulties, are most strongly associated with
impulsivity (as a component of AD/HD symptomology). As expected, there was an
inverse relationship between self- and parent-reported effortful control and emotion
dysregulation, however this was to the exclusion of Nonacceptance and Goals
subscales of the emotion regulation measure. Nevertheless, this was an important
finding, suggesting that the DERS maps to observable behaviours.
There were no significant relationships between emotion dysregulation and
psychophysiological measures, as well as behavioural measures of impulse control.
However, as expected, for the selective attention task, the emotion dysregulation
Strategies subscale correlated significantly and positively with interference RT during
the hard version of the task. However, unexpectedly, interference errors during the
easy version of the Flanker task inversely correlated with the Strategies and Impulse
subscales of the emotion dysregulation measures. There was also a significant,
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unexpected, inverse relationship between interference errors during the hard version
of the Flanker task and the Goals subscales of the emotion dysregulation measure.
Overall, the findings provided support for a relationship between emotion
dysregulation and impulsivity in adolescents, yet this relationship may be exclusive to
certain aspects of each construct.
In line with predictions, significant correlations were found between self- and
parent-reported measures of effortful control and parent-reported impulsivity.
Effortful control correlated inversely with impulsivity, while self- and parent-reported
measures of effortful control correlated positively with one another.
As anticipated, there were few significant correlations between different
measures of impulsivity (rating scales, physiological and behavioural measures). This
provides support for the notion that impulsivity may indeed be multi-dimensional,
with different measures gauging different types or subsets of this construct.
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Appendix A: Invitation to Participate in Research
INVITATION	
  TO	
  PARTICIPATE	
  IN	
  ADDITIONAL	
  RESEARCH	
  
	
  
Dear	
  Parent	
  /	
  Guardian,	
  
	
  
Researchers	
  at	
  the	
  University	
  of	
  Wollongong	
  have	
  been	
  conducting	
  research	
  with	
  several	
  
schools	
  in	
  NSW	
  and	
  QLD	
  to	
  identify	
  factors	
  associated	
  with	
  school	
  success	
  and	
  wellbeing	
  
among	
  teenagers,	
  and	
  how	
  these	
  factors	
  shape	
  a	
  child’s	
  behaviour	
  over	
  time.	
  The	
  study	
  is	
  
called	
  “the	
  Australian	
  Character	
  Study.”	
  
	
  
We	
  would	
  like	
  to	
  invite	
  your	
  child	
  to	
  participate	
  in	
  an	
  extension	
  of	
  this	
  research,	
  which	
  
involves	
  engaging	
  in	
  a	
  variety	
  of	
  simple	
  computer	
  tasks	
  while	
  we	
  measure	
  different	
  
physiological	
  reactions	
  such	
  as	
  heart	
  rate	
  and	
  brain	
  wave	
  patterns.	
  The	
  focus	
  of	
  this	
  research	
  
is	
  on	
  impulsivity	
  in	
  adolescents,	
  at	
  a	
  physiological	
  and	
  behavioural	
  level,	
  and	
  how	
  it	
  affects	
  
their	
  wellbeing	
  and	
  school	
  success.	
  	
  
	
  
The	
  research	
  can	
  be	
  conducted	
  either	
  at	
  the	
  university,	
  in	
  your	
  home,	
  or	
  at	
  a	
  nearby	
  
community	
  centre	
  –	
  at	
  a	
  time	
  that	
  suits	
  you.	
  The	
  session	
  only	
  takes	
  30	
  to	
  45	
  minutes	
  in	
  
total.	
  
	
  
For	
  your	
  participation	
  in	
  this	
  part	
  of	
  the	
  project,	
  you	
  will	
  be	
  able	
  to	
  request	
  a	
  detailed	
  
report	
  about	
  your	
  child’s	
  performance	
  and	
  character	
  strengths.	
  Your	
  child	
  will	
  be	
  
rewarded	
  with	
  $50	
  for	
  participating.	
  
	
  
If	
  your	
  child	
  participates	
  in	
  this	
  phase	
  of	
  the	
  study	
  they	
  will	
  also	
  be	
  in	
  the	
  draw	
  to	
  win	
  a	
  
160GB	
  Apple	
  iPod	
  Classic.	
  One	
  student	
  from	
  each	
  school	
  will	
  be	
  selected.	
  
	
  
The	
  information	
  that	
  we	
  obtain	
  will	
  remain	
  completely	
  confidential.	
  	
  Any	
  information	
  that	
  
we	
  utilise	
  will	
  be	
  presented	
  as	
  a	
  group	
  score	
  and	
  average	
  results.	
  The	
  information	
  that	
  you	
  
provide	
  will	
  be	
  coded	
  so	
  that	
  it	
  is	
  not	
  possible	
  to	
  identify	
  you.	
  You	
  can	
  withdraw	
  from	
  this	
  
study	
  at	
  any	
  time,	
  and	
  this	
  will	
  not	
  be	
  reported	
  to	
  the	
  school.	
  	
  
	
  
If	
  you	
  are	
  interested	
  in	
  participating	
  or	
  finding	
  out	
  more,	
  please	
  contact	
  Ellie	
  Johnston	
  at	
  
ej085@uowmail.edu.au	
  or	
  0412	
  656	
  285.	
  Alternatively,	
  you	
  can	
  fill	
  out	
  the	
  form	
  provided	
  
on	
  the	
  following	
  page	
  and	
  send	
  it	
  to	
  us	
  using	
  the	
  prepaid	
  envelope	
  provided.	
  	
  
	
  
NOTE:	
  If	
  you	
  and	
  your	
  child	
  participated	
  in	
  this	
  research	
  in	
  2011,	
  you	
  are	
  invited	
  to	
  
participate	
  again	
  and	
  will	
  be	
  contacted	
  shortly.	
  Please	
  contact	
  us	
  if	
  your	
  details	
  have	
  
changed.	
  
	
  
If	
  you	
  have	
  any	
  concerns	
  or	
  complaints	
  regarding	
  the	
  way	
  the	
  research	
  is	
  or	
  has	
  been	
  
conducted,	
  you	
  can	
  contact	
  the	
  Ethics	
  Officer,	
  Human	
  Research	
  Ethics	
  Committee,	
  
University	
  of	
  Wollongong	
  on	
  (02)	
  4221	
  4457.	
  	
  
	
  
Thank	
  you	
  for	
  your	
  help.	
  	
  

	
  
-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐	
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By	
  writing	
  your	
  details	
  below	
  you	
  are	
  agreeing	
  to	
  have	
  a	
  researcher	
  involved	
  in	
  the	
  
Australian	
  Character	
  Study	
  contact	
  you	
  to	
  discuss	
  the	
  second	
  study	
  in	
  more	
  detail	
  
with	
  you.	
  	
  
	
  
I	
  understand	
  that	
  the	
  information	
  I	
  give	
  below	
  will	
  be	
  treated	
  confidentially.	
  	
  
	
  
Your	
  Name:	
  _____________________________________________________	
  
	
  
Your	
  Child’s	
  Name:	
  ______________________________________________	
  
	
  
Email:	
  _________________________________________________________	
  
	
  
Phone	
  number:	
  __________________________________________________	
  
	
  
School:	
  ________________________________________________________	
  
	
  
How	
  would	
  you	
  prefer	
  to	
  be	
  contacted	
  (please	
  circle)?	
  
	
  
	
  
	
  
	
  
Email	
   	
  
	
  
	
  
Phone	
  	
  
	
  
If	
  you	
  selected	
  phone,	
  please	
  let	
  us	
  know	
  when	
  you	
  would	
  prefer	
  to	
  be	
  contacted	
  
(i.e.,	
  morning,	
  evening,	
  or	
  a	
  specific	
  time):	
  
	
  
____________________________________________________________________	
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Appendix B: Participant and Parent Consent Form

Participant Consent Form
(Physiological Component)

CONSENT
I hereby agree to participate in the study “The development of personal vulnerabilities
and well-being in adolescence (Australian Character Study)” being conducted by Ellie
Johnston, Joseph Ciarrochi, Patrick Heaven, Stuart Johnstone, and Peter Leeson.
I understand that the study is about the way that personality relates to physiological
processes, such as those related to controlling attention. I understand I will be asked
to wear electrodes to measure my heart rate, a headband and a clip on my earlobe to
measure my electrical activity in my brain, and a clip on my finger to measure skin
conductance (sweat gland activity). I might find this uncomfortable and if I have any
concerns I can speak to the researcher.
I understand that all information will be kept confidential. A participant code will be
generated for each participant and no names will be written on any questionnaires.
You will be asked to provide only minimal personal information (sex and birth date)
for the purpose of obtaining group demographic information.
My participation in this research is entirely voluntary. By signing the consent
form below I am agreeing to participate in the study. My consent indicates that I have
read and understood the information sheet. I understand that I am free to refuse to
participate in this study at any time without penalty, and that I may withdraw consent
to use my data in the study at any time. Giving my consent also indicates that I
understand that the information that I provide is intended to be used for research
purposes only. The data collected and group findings may be reported in research
dissertations, article publications and conference presentations.
To give my consent I understand that I need to have my parent’s consent as well.
They will need to sign the form below.
Student Signature:……………………………………………………………………
Parents Signature:……………………………………………………………………
Date:……………………………….

